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FOREWORD

The purpose of the project described in this report was to develop

a probabilistic environmental model for solid rocket motor 1ife predic-
tion. Hethodologies used for constructing an environmental model are

described. Hovement of rockets from one location to another s simu-
lated by Harkov chain theory. Damage caused by thermal stresses {s

calculated, and a cumulative damage failure criterion is adopted Spe-

cific results are shown for Sidewinder rockets.
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483 Temperature changes that solid rocket mo-
tors experience while residing in various locations
with different climates cause thermal stresses in the
propellant. Repeated application of such stresses can
cause damage to the rocket propellant, which may re-
sult in ¢racks.

( This report describes.a probabilistic en-
vironmental model for solid rocket motors. Movement
of rockets from one station to another is simulated, _
using a Markov chain technique. A cumulative damage
model is used to compile the damage resulting in each i
rocket location. The rocket external temperature is
assumed to be a random variable and expressed in a
probabilistic form for each Markov state. As an ex-
ample, data were collected to represent the environ-
mental model for Sidewinder rockets. The Markov matrix !
for Sidewinders was based on past motor logistics. ’
Propellant failure is predicted when the cumulative
damage exceeds a critical value. f£
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SUMMARY

In this report, a methodology for estimating the time to failure of
rockets by using probabilistic analysis has been described and i1lus-
trated. In particular, a probabilistic model of the thermal environment
to which rockets are exposed in real life situations was developed. As
an example, the Sidewinder rocket motors were considered, and the real-
istic thermal environmental and logistic (i.e., movement of rockets from
one location to another) data were probabilistically modeled. The meth-
ods used are general and can be applied to other rockets. Failure occurs
when the rocket motor has exceeded an allowable level of cumulative pro-
pellant damage.

In this report, propellant damage was caused by thermal stresses re-
sulting from external temperature only. There are other causes besides
temperature for damage in rockets (such as shock and vibration, chemical
aging of the propellant, humidity, and radiation). These are not con-
sidered in this model; however, it is recommended that these other effects
be added into the damage calculations.

The example for Sidewinder rockets was integrated with the model de-
velopment. The environmental temperature model was developed first.
This model is quite general and describes the temperature in a probabil-
jstic manner. The example internal temperature distribution through the
motor case and grain was then determined in a sealed motor for a given
external temperature variation. Following this, example stresses due to
(1) temperature gradients in the rocket propellant and (2) differences in
material properties between propellant and casing were determined. A
Markov state model was then developed that describes the probabilistic
manner in which rockets change locations using various modes of trans-
portation. A damage accumulation rmodel was interfaced with the Markov
state model, and numerical results are snown for Sidewinder rockets using
past motor logistics data and a representative environmental model.

3




. " v ——y mwvw—-ﬁ

NWC TP 6305

Damage accumulation was considered for storage, transportation, and *
captive flight conditions for Sidewinder missiles.

Damage incurred during storage is minimal. Navy storage locations are *
situated in mild climates with the most climatically severe storage site
located at Tokyo/Atsugi. Rockets aboard ships also experience a mild
temperature. The surrounding sea acts as a temperature stabilizer and ships
do not frequently travel in very cold and icy waters where damage could be
higher.

Truck, train, and air transportation is more damaging than storage
(by at least two orders of magnitude); and captive flight is more damag-
ing than either storage or transport. During captive flight the rocket
is directly exposed to the surroundings; the air at high altitudes is

very cold and, hence, can cause a larger amount of damage because of re-
suiting low motor temperatures.

INTRODUCTION

The bpropellant of solid rocket motors in weapons systems is
known to deqrade with time, Prediction of the time at.- which the
solid rocket motor is no longer serviceable is extremely important to
overall planning of the deployment and replenishment of the weapons
system. The weapons system planninqg is related to the time when
early failures in the solid rocket motor fleet are expected, rather
than the time when an "average" motor is expected to fail, resulting
ir a need for probahilistic failure prediction methods. These meth-
ods of failure prediction can also be expected to lead to improved
specifications for motor procurement.

An accurate description of the environment to which the motor

will be subjected is a critical first step in failure prediction.
Since environrmental factors {such as temperature) and the life cycle
of deployed motors are random in nature, a probabilistic treatment of

4
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life prediction is essential., The purpose of this project was to
develop a probabilistic model of solid rocket motor environments and
to demonstrate that the model can be used in life predictions.

Nne of the main natural causes of rocket motor dearadation is
thermal stresses in the propellant which can cause initiation and
growth of cracks. Rocket motors are frequently transported from one
location to another or they are stored in different locations around
the world, tEach location 1is characterized by its own unique
climate. Rockets could bhe in covered storage, dump stored, inside
aircraft carriers or other ships, air or qround transported, on the
deck, or in captive flight. All of these activities have their own
representative climates. The rocket external temperature varies due
both to diurnal termperature changes and seasonal terperature changes
and with position on the surface of the earth. These temperatures
and the temperature changes induce thermal stresses in the
propellant, Thermal stresses arise, even in a steady state condition
(uniform termperature), because of differences in thermal expansion
between the propellant and the rocket case and because they are below
their stress-free termperature, The most highly stressed locations
are generally the case bond and the bore, ‘

In this report, the effect of termperature on rocket rotor damaqge
is emphasized, and an example external temperature model for Side-
winder rockets is developed. Althouah there are other causes for
rocket tamaqe such as vihration, chemical aaqina of the propellant,
radiaticn, humidity, and shock, these effects are nnt considered

here,

The propellant material is frequently characterized hy a visco-
elastic thermo-rheolonically-simple nmaterial bhehavior, The most
importa~t feature of this bhehavior coirared to purely elastic beha-
vior is that the r-lationship bhetween <ctresses and strainy in the

nateria’ is nnt uninue but is a function nf time and termperaturon,
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Substantial test information exists that relates time-to-failure in a
propellant to constant applied stress, constant applied strain, or
stress applied at constant strain rate. Propellants in real weapons
systems are not subjected to constant stresses or strains, Instead,
both the stress and strain vary continuously with time, dependent
upon the environmental (particularly temperature) fluctuations.
Limited information exists to relate these time variant stresses and
strains to propellant failure. One relationship that has shown con-
siderable promise as a failure criterion is the linear cumulative
damage model proposed by Bills and Wieqand.1

Related studies have Ee%nsdone by Cost and Daqen,2 and HeHer,3
and more recently by Cost. *> ° These investigators made consider-
able proaress in calculating propellant response to prohabilistic
environments. The present model builds on this previous work by
emphasizing the relationship of the environment to motor logistics
and the effect on motor failure of cumulative damage due to the envi-
ronment,

The major different features of this development compared to
previous work are:

1. Combination of a previously defined cumulative damage
model that is consistent with observed propellant beha-
vior with an environmental model that produces cumulative
damage, Propellant failure can he caused by the accumu-
lation of many temperature cycles, even if the critical
stress or strain to cause failure in a sinqle cycle is
never exceeded,

Z. Develapment of a realistic probabilistic model of the
environment that characterizes the deplovrment of Navy
tactical weapons systems, Such an environmental mode)
takes into account the fact that notors in these weapons

6
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systems are frequently moved from one location to another
using various modes of transportation.

3. Use of simulation techniques that can readily calculate
the probability distributions of life for the earliest
failures in the fleet. It is this information that is
important in making decisions on fleet replenishments.

To develop a probabilistic model of solid rocket motor environ-
ments with these features, it is important that the eventual use of
the model be clearly established. The proposed model is to be used
to predict the damage incurred by (and eventual failure of) solid
rocket propellants. Therefore, it is essential that the environmen-
tal model contain the major effects that result in damage to the
propellant. The damage model to be used in this development depends
on the amount of time at a particular stress and temperature for all
discrete locations in the propellant. The major environmental fac-
tors affecting these parameters are temperature external to the motor
and changes in this temperature as a function of time. Therefore,
emphasis in the model was placed on temperature and temperature
changes.

The interaction among elements of motor life prediction is shown
in Figure 1. As shown, environmental data and motor logistics data
must be combined to formulate the probabilistic model. It is also
clear that the model must be in such a form that the propellant
stress and environment history can be used with the damage model to
make probabilistic predictions of motor life.
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ENVIRONMENTAL MOTOR LOGISTICS
DATA DATA
L | [

PROBABILISTIC MODEL OF MOTOR
EXTERNAL ENVIRONMENT

PROPELLANT STRESS AND
ENVIRONMENT HISTORY

DAMAGE MODEL

MOTOR LIFE
PREDICTIONS

Figure 1 - Relationships in Overall Life Prediction
Problem,

ROCKET MOTOR EXTERNAL TEMPERATURE MODEL

The temperature of a rocket motor skin in a given environment is
modeled as a random variabhle which can be characterized by a sinusoi-
dal series consisting of various harmonics. This model can be viewed
as a complex Fourier series representation of the rocket skin temper-
ature
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where TS is the skin temperature, m is the mean temperature, Ti is the
amplitude of the harmonics, w; are the harmonic frequencies, t is time,
and 1 is the number of harmonics considered; j desiqnates /-1,

In the present model, tre frequencies are assumed to be fixed
deterministic values. The amplitudes Tm and Ti are modeled as random
variables to be characterized from past recorded temperature data.

Within the propellant, a temperature solution of the form

t
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is expected, where F represents the location within the propellant,
TT(F,t) is a transient term that decays with time, and Ri is a term
dependent upor location, Wi propellant properties, and geometry, but
not upon time.

Suitable analysis methods can be used to solve for stresses
versus time under these temperature conditions. Stresses are depen-
dent uron temperature qradients within the propellant, properties and
differences in properties of the propellant and case, and the propel-
lant and case geormetries. A typical assumption is that propellants
behave ideally as viscoelastic media with temperature-dependent
relaxation rodulus,? Stress solutions can aenerally be expressed

as
(E LB .F,t) (3)

where 3;; are the components of stress, Ec is a vector of case pro-

. . a -»
erties, F is a vector of prapellant nraperties, r renresents loca-
: P

tion, ard t is Lime, Tor nest prapellests, the propsrtieg En st be
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taken as time and temperature dependent for realistic analysis (i.e., *
thermo-viscoelastic analysis). ]

A power spectrum for temperature exhibits two significant, nar-
row peaks centered at the frequencies of the seasonal and diurnal
cyc]eseas shown in Fig. 2. Therefore, the temperature representation
model can be simplified by retaining only the diurnal and seasonal
frequencies in the Fourier series.

Hence, the temperature is expressed by

To=T o+ T, sinet + T sinagt (4)

where T is the mean temperature, Ta and T4 are the amplitudes of the
annual and diurnal cycles, respectively, and wy and wqare the annual

and diurnal angular frequencies given by

_ _ 2= 1
wa = 2'"Fa = m hour (5) g
wy = 2nF = 5% hour™! (6)

with F denoting the cyclic frequency.

This analytic form of the external temperature is convenient for
solving the heat equation in closed form and for determining the
temperature distribution throughout the rocket cross section.

The temperature model assumed in this analysis and described by
Eq.(4) would qgive a discrete frequency spectrum as shown in Fig., 2.
Therefore, the deterministic frequency model is an idealization of

the actual temperature representation., Although the frequencies of

10
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the temperature cycles are assumed to be fixed deterministic values,
the amplitudes of the seasonal and diurnal cycles, Ta and T4, are to
be represented probabilistically. As an example, Sidewinder rockets

are considered, and the specific temperature amplitudes Tar Tq are
determined for different Sidewinder locations.

EXAMPLE EXTERNAL TEMPERATURE MODEL FOR SIDEWINDER ROCKETS

Sidewinders are five inch diameter rockets used in air-to-air
operations. These rockets are found in a variety of environments and
conditions around the world. The average life of a Navy Sidewinder
rocket is spent as follows (see NWC TP 4464, Part 1, p.ng).

A NOTE: The dashed lines denote
the spectrum that results
from the deterministic

o frequency model used in

5 this analvsis.

-

<

z Actual Spectrum

-

<

[os]

(9%

i l

. Peterministic

= Spectrum Used

= in Anaiysis l
| |
1 =1 —>-

Frequenc

fa fd quency

Figure 2 -« Schematic Ambient Temperature Power Spectrum
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Portion -
of Life !

Location Condition Spent
-

Storage covered 87%
exposed/dunp 3% (lower ﬁ
during ;
peacetime) j

Transportation air 0.82%

qround 4,15%

Ammunition and

Combat ship 5%

Captive flight * : 0.03% |

There are different climates unique to each of these main cate-
gories. Table 1 shows possible locations throughout the world where
Sidewinders are found. These include both continental USA and over-
seas bases, ships (such as aircraft carriers, ammunition ships) and
others., Rockets are frequently transported from one of these loca-
tions to another; transportation can be either by sea, air or around

b el e Lk St AL i ekt i A

(train or truck). In the following sections the applicable external
temperature will be developed for each of these lvucations. That is,
the parameters describing the external temperature (Eq.(1l)) will be
determined.

*  This datum was determined from the Navy Fleet Analysis Center's RM
History tape, .

12
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Table 1 - Sidewinder Locations
1.  Yorktown, VA Ships
2. Subic Bay, RP 32. Kitty Hawk CV-63
3. Israel 33. Independence CV-62
4, Fallbrook, CA 34, JFK CV-67
5. Agana, Guam 35. Midway CV-41
6. Coral Sea, CV-43 36. Constellation CV-64
7. Subic Bay NAVMAG 37. Ranger CV-61
8. Concord, CA 38, Enterprise CVN-65
9, Yuma, AZ 39. Oriskany Cv-34
10. Seal Beach, CA 40, Shasta AE-33
11. Miramar, CA 41, Santa Barbara AE-28
12. Dallas, TX 42. Suribachi AE-21
13. Kaneohe, HI 43, Saratoga CV-60
14. Atsugqgi, Japan 44, Butte AE-27
15. Oceana, VA 45, Nimitz CVN-68
16. El Toro, CA 46. Forrestal CV-59
17. Roosevelt Roads, PR 47, Flint AE-32
18. NAHA, Okinawa 48, Hull
19. Kadena 4G, Mt, Baker AE-34
20, Point Mugu, CA 50. Wabash AOR-5
21. Siqgonella, Italy 51. America CV-66
22. Beaufort, SC 52. F.D. Roosevelt CV-42
23. Norfolk, VA 53. Detroit AOE-4
24, Singapore 54, Nitroh AE-23
25. DNa Nanq, Vietnan 55. Eisenhower CVN-69
26. Nellis AFB, NV 56. Canisteo A0-99
27. Rota, Spain 57. Camden ANE-?
28, Cherry Point, NC 58. Haleakala AF-25
20, Kev West, FlL 53. Kiska AF-35
30, Iwakuni, Janan 60, Hancock CV-19
3. MamPhona
13
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Sidewinder Storage Location External Temperature

The National Oceanic and Atmospheric Administration (NOAA) in
Asheville, North Carolina, has an extensive data base of tempera- R
tures* for many 1locations both in the United States and overseas.

Temperature data are recorded hourly or every three hours and for

several years.

Typically, the data span a ten to twenty year period or 1
longer. A temperature computer tape for each of the Sidewinder
ground locations was obtained from NOAA,

A computer proqram** called WEATHER was developed at Failure f
Analysis Associates (FAA) which analyzes the NOAA weather tapes and
produces probabilistic distributions of the mean annual temperature
Tm, seasonal temperature amplitude T,, and diurnal temperature ampli-
tude Td‘

WEATHER initially computes daily mean temperatures. From these,
monthly means are obtained and then the annual mean is obtained by
calculating the means of the months. A deterministic value of T, is
used since the annual mean temperature has a very small standard
deviation.,

Cumulative density functions (CDF)10 were found for the annual 1
L temperature, Ta and the daily temperature amplitude, T4. The annual
temperature amplitude for a qgiven year was assured to be half the
difference between the highest and lowest monthly mean tempera-

*  NOAA's weather tapes contain additional weather information besides
ambient temperatures. .

** A1l computer proqrams here are written in FORTRAN and are listed
] in Appendix D. “

14
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tures. The diurnal temperature amplitude for a given day was assumed
to be half the difference between the highest and the lowest daily
temperatures. The cumulative density functions for the amplitudes
were constructed from the frequency of the size of the amplitudes.
Typically, the seasonal terperature amplitude is found to have a
smaller deviation than the diurnal temperature amplitude. Figures 3
and 4 describe a typical CDF for the seasonal and diurnal temperature
amplitudes for Point Muqu, California. Notice the wider variation of
the diurnal temperature amplitudes.

et

i

|
e
[ POINT MUGU, CA

, t TAPE DECK NUMBER 1440

| STATION NUMBER 93111
FROM 3 1 46 to 12 31 7¢
‘ AVERAGE TEMPERATURE 59

]

4 < '

Anngal Tereer gt e A Vitade

Figure 3 - Probabilistic Annual Temperature Amplitude.
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U.t

Cumulative Density Function

POINT MUGU, CA

TAPE DECK NUMBER 1440
STATION NUMBER 93111
FROM 3 1 46 TO 12 31 78
AVERAGE TEMDERATUﬁE 59

J 10 U 3u 4

Darly Temperature Amplitude

Figure 4 - Probabilistic Daily Temperature Amplitude.

During the Monte Carlo simulation for a rocket motor in storage,
a random number between zero and one is generated to select the an-
nual temperature amplitude. This determination is achieved by usinq
the CDF appropriate for that storage location. The same process is
repeated to determine the diurnal temperature amplitude. The actual
data for the storage location are used directly without attemnting to
fit a parametric model to the temperature distribution. The randor
nunher qgenerator program RANDK!! is available at the Stanford
University computer.

16
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The complete seasonal and diurnal CDFs for all the storage loca-
tions are shown in Appendix A, A digital form of these data is used
later in the damage calculation,

Approximately 98% of the stored rockets are in covered type
storage and the rest are dump stored or not covered (NWC TP 4464,
Part 1, p. 15°). Rockets in covered storage are well insulated.
Therefore, the rocket skin will experience a small temperature varia-
tion compared to the ambient air temperature fluctuations. The ef-
fect of the insulation will be modeled by introducing seasonal and
diurnal amplitude scale factors, fa and fq4, in the following storage
temperature representation formula:
=T+ F T, sinut + £ 7, sinwt (7)

Tstoraqe d

Ar. approximate value of fa’ based on earth covered storage tem-
perature data in Oahu/Hawaii, is 0.66 (see NOTS TP 4143, Part 2,
p.S).I‘ An estimate of f, could not be inferred from that same re-
port. It is expected that 4 will be smaller than fa and close to

S

zero.

External Temperature for Ship Transport

Termperature data for ordnance carried on-board ships are avail-
able but limited to only a few ships. However, data from many levels
are co.lected, Since these ships are constantly in motion they will
experience different climates not only because of seasonal changes
hut a’so because the ships move to different 1locations on the
oceans. Therefore, temperature history for a given ship is not very
meaninzful unless its location and season are known, Such data will
be very difficult to construct. Instead of developing an external
temperzture input for each ship, we -an construct a single qlobal

17
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temperature model for all ships, assuming the available temperature
data constitute a representative sample. The form of the external
rocket temperature will be the same as Eq.(4), i.e.,

T = Tm + Ta sin wat + Td sin mdt ,» whereby the probabilistic ampli-
tudes T, and T, and the mean temperature T, are determined from the
cumulative density functions (CDF) of all the ships for which temper-
ature data are available. Howard Schafer of NWC, China Lake uses a
single parameter probabilistic CDF but his method cannot account for
seasonal and/or diurnal temperature cycles (see Fig. 36, NWC TP 4824,
(Ref. 13) for composite temperature of all ships, all Tlevels). A
computer proqram AIRCARRY was written that determines the CDFs of
seasonal and diurnal temperature amplitudes from the raw temperature
data of rockets inside ships.

Temperatures from different levels in ships and different car-
riers were used. The source of the data is:

USS Franklin D. Roosevelt CVA -42

USS Kitty Hawk CVA -63
USS Enterprise CVAN -65
USS Shangri-La CVA -38

A total of 4638 days were considered in compiling the tempera-
ture CDF data. The resulting COF for the diurnal iemperature ampli-
tude is shown in Fiqure 5. Note that the daily temperature variation
is generally small. Since the temperature data used came from only
two different years, a probabilistic representation of seasonal tem-
perature amplitude was not available and a deterministic mean value
of 4°F was assumed. When temperature data from other years becomes
available, a probabilistic seasonal temperature amplitude can be
constructed,

18
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Figure 5 - Diurnal Temperature Amplitude CDF.

Captive Flight External Temperature Mode!l

Measurements of skin temperature of rockets during captive
f]ighth indicate that with the exception of take-off and landing,
external temperature of ordnance is quite uniform. Fiqures 6 and 7
show typical temperature vs. time plots of Sidewinder rockets during
captive flight,

A majority of captive flights are flown at low to medium alti-
tude where the ambient air temperature is mild. A small percentage
of flights, however, are flown at high altitudes (40,000 to 50,000
feet) where temperatures as low as -70°F can develop on the external
skin of rockets. Because of the limited data during captivé flight
at this time, a complete prohabili-tic model for external temperature
of rockets cannot be established. Instead, a simplified model is
used, represented by a constant temperature during each flight, with
the temperature randomly selected from an assumed Gaussian distribu-
tion. A mean temperature of 30°F and a standard deviation of
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Figure 6 - Flight Profile of a Typical High-Altitude Loiter
Flight (from NWC TP 5365).%*
20°F are assumed, The average duration of. a cantive flight is

approximately two hours.

External Temperature of Sidewinders During Transportation

Approximately 83% of Sidewinders are ground transported and 17%
A similar temperatiure mndel is used for air trans-

air transported.

portation as in captive fliqht; that is, 3 uniform external tempera-

20
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ture is assumed during the flight. However, the mean temperature and
standard deviation will be different than for captive flight. Limit-
ed information exists in NWC TP 4828'° for temperatures of air trans-
ported ordnance.
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During air transportation a Gaussian distribution with a mean
temperature of 60°F and a standard deviation of 10°F was assumed (see
Figs. 12-17 of NWC TP 4828'°),

During ground transportation (truck or train), the external
temperature varies due to the effect of diurnal temperature cycles
and also due to changing location (i.e., changing climates). It
would be a formidable task to precisely trace the complete external
temperature variation of rockets during ground transportation,
Therefore, a model based on the temperatures characteristic of the
departure and arrival locations is used, Hence, the transportation
period is divided equally between departure and arrival locations.
Obviously, a more exact model would incorporate several climates that
the truck or train will encounter during the entire course of travel.

During ground transportation, the appropriate rocket external
temperature is the ambient air temperature of the departure and
arrival locations but scaled down because of some insulation provided
by the truck or train shell. This insulation is typically less
effective than an earth-covered storage insulation. Also, when the
rocket is removed from storage and taken to a truck or train it will
be exposed to ambient temperature (i.e., it is uninsulated). This
period is short and furthermore, if the temperature is very severe,
the transpoirctation may be delayed to avoid unreasonably foul weather.

It is necessary to determine appropriate scalinq factors, f, and
fa, for the amplitudes in the characterizaticn of the rocket skin
temperature during ground transportation. That is,

Tqround transportation = Tm ¥ faTa sin “at * ded sin ”dt (8)
where Ta and Td are the ambient temperature amplitudes. A scaling
factor for the diurnal cycle is assumed to be 0,63 (see NWC TP 1822,
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16
Fig. 8). The seasonal temperature amptitude is not scaled down
(i.e., fa = 1) because the duration of the transportation is general-
ly short compared to seasonal weather changes.

EXAMPLE TEMPERATURE DISTRIBUTIONS IN A PROPELLANT

As an example, transient temperature and stress distributions
were calculated based on the Fourier heat equation for a cylindrical-
ly shaped solid propellant, Figure 8 shows a cross section of a
propellant and casing, which is assumed to be cylindrical for this
example, but could be of any shape in the aeneral applications.

Propellant
Steel Casing

Figure 8 - Schematic of a Rocket Motor Cross-Section
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Ige partial differential equation governing heat conduction in a
solid is given by

2
oT 3T oT
1 1 _ 2+ _ 1 1 1 .
@ g "z v e (ein)
(9)
2
oT T oT
1 2 _ 2+ _ 2,172
(b) EE = = v T2 _._;:? + T =7 asr <b  (propellant)

Ty is the temperature in the cavity (air) and T, is the propellant
temperature. ki and k, are the thermal diffusivities of air and
propellant respectively. V2 is the harmonic operator which is
expressed here in polar coordinates for convenience, and t denotes

time.

The boundary conditions require

T (a,t) = Tr(a,t) (continuity of (10)
temperature)
3T, (a,t) aT,(a,t) '
T = Cy) =7 (continuity of (11)
heat flux)

Cl and C2 are thermal conductivities of air and propellant respec-
tively. For the boundary condition at b, the previously described input
from the environment (Eq.(4)) is used.

T2 (b,t) = L Ta sinw.t + Td sinw t (12)
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The steady state solution of the temperature distribution in the propel-
lant is given by

T,(rat) =T + T, [—AaFa(r) N BaEa(r)] cos w,t

+ T |AE_(r) +B_F_(r)]| cos w_t
a [ aa aa ] a (13)

+

L [-AdFd(r) + BdEd(r)] sin w t

+

T, [AdEd(r) + BdFd(r)] sin ugt

where A and B are constants and E and F are functions of position.
A1l parameters used here are defined in Appendix B.

Note that to obtain this solution, the temperature of the steel
casing was assumed to be approximately constant, i.e., T(b,t) = T(c,t).
This assumption that the temperatures at the inner and outer radii of .
the case are approximately the same can be justified because of the
relatively large conductivity of the steel case compared to the con-

ductivity of the propellant; furthermore, the thickness of the case
is much smaller than the radius of the propellant. The thermal dif-
fusivity of the steel case is about 100 times that of the propellant.

As the time increases and steady conditions prevail, the

response frequency to the annual and diurnal inputs will be the same
as the "forcing function" frequencies and the solution will be of the
form

=T + TR_ sin ('3a‘mat) + Tde sin (9L+w t) (14)

Tlonq time n aa i 7d
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where R, and Ry are not functions of time. 6 is a phase shift that
depends upon radial location, geometry and properties of the propel-
lant, (Eq.(12)). [No matter how complex the propeliant geometry, the
solution can be expressed in this form.] If input frequencies other
than annual and diurnal become important, more similar terms can be
added to Eqg.(14). Note that this relationship is not applicable to
the captive flight and air transportation conditions because the time

is too short for steady state conditions to be realized.

STRESS ANALYSIS

Temperature differences below the stress-free temperature in the
rocket (including gradients due to external temperature variations)
? and differences in properties between propellant and case, cause
thermal stresses in the propellant.

For a case-bonq%d rocket motor, the thermal stresses and strains i

have been developed for elastic media. The stresses in the pro-
pellant grain (under plane strain conditions) may be expressed hy f
s 1 ° [
0. = P" + 1 o3 err-’-z-f rTdr (15)
] 0
e 11 P 1 [
5 = 0t |57 fTrdr+;-5f Trde-T (16)
0 0
2vaf, [, [ .
Uz = _2Vp + Tr-—v—)- -t;? f Trdr - ? (17)
0
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b
1+v
£ [201 %2‘—10,/- Trdr- ac(1+vc) T(b,t)]

p’ = BE (18)

(1+v) (1-2v) + (1-v2 ) o
ccC

where o and a are the coefficients of thermal expansion, v and Ve
are Poisson's ratios, Ee and EC are the elastic modulii of the
propellant and the case, respectively, and hC is the thickness of the

motor case.

The term containing B, and E. in the interlaminar pressure term,
Eq.(18), can he eliminated because E>>Eq. A significant portion of
the thermal stress in the propellant is caused by the difference in
expansion properties between the steel case and the propellant. This
stress is expressed by the interlaminar pressure term. The remaining
terms proportional to E, in Egs. (15) through (17) indicate thermal
stresses due to temperature gradient in the propellant.

Solid rocket motor propellants are represented to behave (ideal-
ly) as viscoelastic media whose relaxation modulus? is temperature
dependent. Therefore, a viscoelastic stress analysis 1is prefer-
able. It has been shown in many cases that a viscoelastic response
will be approximately equal to an elastic solution wherein elastic
constants are replaced by time-dependent creep or relaxation func-
tions.19 Hence, the elastic stress solution of a long cylinder with
a case should be converted into an equivalent viscoelastic solution
by replacing the elastic modulus E with the viscoelastic relaxation
modulus, The relaxation modulus is given in terms of the reduced
time 520 which is computed by inteqrating the time-temperature shift
factor up to the current time,
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A viscoelastic solution can be derived from the above solution
by replacing the elastic modulus Eg with the relaxation modulus for
each stress component. Hence

where E{&) denotes the relaxation modulus; Oq is the elastic solution
for a given stress component; Ee is the elastic modulus for the
rocket propellant; 9, is the cg;;espondinq viscoelastic stress compo-

nent; and £ is the reduced time given by

t

_ dt
= a Tlllr,r))

0

where ar is the shift factor which is a function of temperature and
consequently a function of time. Typical curves for relaxation modu-
1i and time temperature shift factors are shown in Fiqures 9 and 10.

Although this viscoelastic approximation is good for monotonic
loading conditions, when cyclic thermal stresses exist, this type of
approximation is not as accurate. Therefore, a rigorous thermovisco-
elastic solution is needed. Because of the lenqthy computation
required during a Monte Carlo simulation procedure, an elastic stress
analysis which is faster and less costly was used. When an efficient
and reliable viscoelastic program becomes available, the overall
anproach has been devised so that it could be substituted.
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Figure 9 - Tensile Relaxation Modulus for GBP Propellant.
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MARKOV STATE MODEL

A Markov model 1is a probabilistic engineering concept which
describes a system subject to change in state. Such a model is used
as the principal tool in combining environmental data with motor
logistics to form the probabilistic mode! of motor external environ-
ment. A Markov model containing the essential features needed to
represent solid rocket motor temperature environment has been deve-
Toped and executed.

Markov models are a function of two random variables, the state
of the system and the time of observation. An illustration of the

state of the system for solid rocket motors is shown in Figure 11.
For example, the state could be either storage in a moderate climate
or aboard ship in an arctic climate, Substates within the states are
also used in the model. These substates are illustrated as environ-
! ments 1, 2, 3, etc., in the desert storage state. Eaca environment
(substate) is described in the model by a temperature (probabilisti-
cally chosen) versus time trace (see section titled "Rocket Motor
External Temperature Model"). The basic concept is that, at any
given time, any particular solid motor will reside in one of the
state spaces.

Any Markov model is defined by a set of probabilities, pij'
which define the probability of transition from state i to state j.
For example, in Fiqure 11, if shipboard/tropics* is labeled as state )
3 and aircraft/tropics is labeled as state 7, then P3; is the proba-
bility that a motor which is on-hoard ship in the tropics at time t

* For Sidewinder rockets the shipbnard data combine all climates.
Therefore, no distinction is made among tropical, arctic or
n0terate climates,
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Figure 11 - Schematic of State Space for Markov Model.
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will be on-board an aircraft in the tropics at time (t + at). Note
tuat Py; is the probability that the system will remain in its pres-
ent state, Also note that, in this context, the substates as defined
above can be regarded mathematically as states. The transition prob-
abilities can be conveniently displayed in matrix form as shown in
Fiqure 12.

[ e P12 P3. ——-—--=-- S

21 22 23y - - - ===
P31 P32 P33 - - — - =
I : !
| ‘ '
l ! ;
! : !
!
| |
I
[ - - P]'j - -
|
! ! 1
I I
l
N 9
L. pnl __I
1
pij = Probability of passage from state i to state j.
Figure 12 - Transition Matrix for Markov Model.
i
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Obviously, in a practical Markov model of solid rocket motor
environments, many of the Pij's will be zero because it will be phys-
ically impossible to reach some states from certain other states.
Other special cases are that in the expended or retired sfates
(denoted as absorbing states), P;; = 1, and Pij =0,1 ¢ j.

In applying this Markov model to solid rocket motors, it may be
important to provide for damage accumulation during transfer to
another 1location. This would require refinements to the present
modeling to add transient to the steady-state temperature and stress
solutions,

Tne basic model is general enough to apply to any solid rocket

notor. However, the transition probabilities, P are dependent

ij»
upon the particular weapons system and are, therefore, reqarded as

input based on motor logistics data.

Motor failure is assumed to be gqoverned by linear cumulative
damage as expressed by Bills and Wiegand.! However, as also demon-
strated by Bills and Wiegand, the cumulative damage required to pro-
duce propellant failure is not deterministic, but should be regarded
as a random variable.

It will be assumed that the damage tolerance of solid motors is
a random variable which can be characterized by a narameter spch as P
(see Figure 13) in the Bills and Wiegand damage equation., The damage
accumulation model will be described in detail in the section titled
"Damacge Model."

Tne model presented above is particularly adaptable to Monte
Carlo simulation, and this is the approach used here. The Monte
Carlo approach has the maximum generality that can be included in
probapilistic models. The simulation proceeds essentially as
follows:
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A notor (with damage tolerance characteristics selected
at random from a probability distribution based on avail-
able data) beqins in the curing state, and the cumulative
damaqge in curing is calculated according to the Bills and
Wieqand damage mndel and recorded,

At the end of the curinq cycle, the motor passes to one
of the other states, selected randomly in accordance with
the transition probabilities, pij- The darage while
residing in the second state is calculated and added to

the curing damaae,
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3. At the end of a preselected time interval, the motor
passes from the second state to a third state, randomly
selected in accordance with the transition prohabilities
pij'
are calculated and added to the previous damage.

Damages in passing to and within this third state

4, The process in Step 3 is repeated until damage is suffic-
jent for motor failure or until it, by chance, passes to
one of the absorbing states (expended or retired)., When
the motor fails, its time to failure is recorded.

5. Another motor (with damage tolerance characteristics
selected at random) begins in the curing state, and Steps
1 through 4 are repeated.

6. Step 5 is repeated until a sufficient number of motors
have been simulated to establish a probability distribu-
tion of time to motor failure;

e

Tn the next subsection, the Markov model will be specialized for

“Sidewinder rockets,

MARKOV MODEL FOR SIDEWINDER ROCKET MOTOR

The probability matrix for the Sidewinder rocket rotors was
determined hy using past h story of the rocket fleet beginning in
1972. This information was furnished by the Fleet Analysis Center
(FLTAC)‘ of the Naval Weapons Station, Seal Beach, Corona Annex,
Corona, California, The FLTAC's Sidewinder tape contains information

on rocket loncations and on dates of arrival and departure from each

~
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location, and it describes whether there are captive flights and
their durations. Appendix C shows the complete transition matrix.
There are a total of 68 independent locations plus captive flight and
transportation Markov states. A list of Sidewinder locations was
indicated earlier, in Table 1.

Table 2 shows a typical example of the transition probabilities
from one of the states (NWS, Yorktown Ord Department) to the other
locations. These numbers represent one of the Markov matrix rows.
Note that a rocket that is located in Yorktown would have the highest
probability of moving to location 9, which corresponds to USS-JFK CV-
67, and the probability of this transition is P = 0,157,

A computer program LOGISTIC was developed that analyzed the
digital logistics data and produced the probability matrix for the
Sidewider rocket fleet, This program is written in general form and
can be used for other nissile systems as well, so long as there is a
recorded history of past rocket movements. For new systems, analysts
should be able to construct an approximate matrix from knowledge of
anticioated system deplovment,

Table 2 - Transition Probabhilities from NWS Yorktown to Other Locations

Transition Transition
Location Probability Location Probability
1 0.0 36 0.0
2 0.004301 37 0.0
3 N,032258 38 0.002151
4 n,008602 39 0.010753
5 0.0 40 N.0172n4
) 0,002151 41 0.002151
7 0.02365%86 42 0.0
] 0.0 47 0.002151
9 N.156989 44 0.047312
1n n,017204 45 0.0
11 n,N0RARN2 46 0.0
17 n.0 47 . N,0107523
13 1LNTNR G 18 0.0
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Table 2 - Transition Probabilities from NWS Yorktown
to Other Locations {cont'd.)

Transition Transition

Location Probability Location Probability
14 0.006452 49 0.015054
15 0.004301 50 .1

16 0.025806 51 ¢.0

17 0.0 52 0.0

18 0.004301 53 0.0

19 0.004301 54 0.0

20 0.006452 55 0.004301
21 0.0 56 0.0

22 0.0 57 0.004301
23 0.0 58 0.0

24 0.010753 59 0.002151
25 0.008602 60 0.0

26 0.06 2366 61 0.0

27 0.0 62 0.0

28 0.101075 63 0.0

29 0.049462 64 0.0

30 0.030108 65 0.0

31 0.002151 66 0.0

32 0.017204 67 0.0

33 0.002151 68 0.0

34 0.0 69* 0.281720
35 0.0

DAMAGE MODEL

In applying the Markov model to solid rocket motors, the damage

due to thermal stresses is determined while a rocket motor resides in

a particular state, as well as when the notor passes from one state

to another. Limited information exists to relate these time variant

stresses and strains to propellant failure,

*Location 69 desianates captive flight.
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has shown considerable promise as a failure criterion is the linear
cumulative damage model proposed by Bills and Wiegand.! For a num-
ber of discrete, constantly imposed stresses this relation is-

1A
LR R T (42
i=1 fi
where
D is the cumulative damage
p is the normalizing term used to define the prohability

distribution of failures

:th

Ati is the time the specimen is exposed to the i stress

level

tey is the time to failure if the specimen is exposed to

ith

only the i stress level.

The fact that the cumulative damage to cause failure is a random
phenomenon is taken into account by the parameter P, A demonstration
of the form of the distribution of P and the app1icabilﬁty of the
cumulative damage equation was given by Bills and Wiegqand, as shown
in Fiaqure 13. Note the importance of treating the damage to cause
failure as a random variable compared to using the deterministic
value of P = 1, Although each rocket motor has its unique critical
damaqge characteristic, many of the rockets will always remain togeth-
er when travelling from one Markov state to the other. This fact can
eliminate some of the computation cost because fewer than the total
number of rockets in a fleet need to be considered in the Markov
process.
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Bills and Wiegand! also suggested the following relationship
for determining the time to failure, te, of a propellant under con-
stant stress.

B
o] - g
to cr
t, = a,t (-—————————) (20)
f T o 9 = %p
where
te is the mean time-to-failure of the specimen when heid
under a constant "true" stress, o
o is the "true" stress applied to the specimen
to is the unit value of the time for whatever units are used

in measuring te
to is the true stress required to fail the specimen in the
time t,
o is the critical true stress, below which no failures are
observed
ar is the time-temperature shift factor
B is a constant

A typical curve illustrating this relationship from Bischel and
Wiegand2! s shown in Fiqure 14." When Eqs. (19) and (20) are .om-
bined, and ar and o, vary continuously with time and temperature, the
cumulative damage is given by

* An exponent, B, of 9.3 (derived from N-29 propellant) was used
for Sidewinder rockets,

40




NWC TP 6305
¢ (ot < %%r °
_ 0 ar
D = 5 (21)
Ptoloeo = Ocr)
20.7
3.0
Ec)) ( )F
(3]
“
& "
Y
5/-\
w n
[ =8
v — "
4
o ™
[Va RN =W
mx
EA
P L
o]
o e
c O
==
£ o
S
a.
g 13.8
- (2.0)
-8

Log time to failure
tf/aT’ min.

Figure 14 - Maximum Principal Failure Stress Curve
for Typical Propellant

The stress applied to a point in the propellant of a motor and
the temperature at the same point are largely functions of the exter-
nal temperature “luctuations (environment) applied to the motor,
Both the stress and temperature are important, since the factor ag is
stronqly dependent on the termperature. Fiqure 15 from Cost and
Nanen< illustrates a typical environmental temperature history for a
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one-year period. In addition to these seasonal fluctuations; the

diurnal cycle may also be important. The attenuation and delay of

the temperature response at several locations r in a typical motor

propellant from Heller3is shown in Figure 16. Typical stresses in

two propellant locations due to diurnal temperature cycling are

3
illustrated in Fiqure 17, also from Heller.
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Figure 15 - Environmental Temperature History for One Year
at Huntsville, Alabama
From the foregoing descriptions of the propellant behavior,

cumulative damage, environmental fluctuations, and response of the
propellant, it is evident that an adequate description of the envi-
Since
the environment itself and the traverse of a fleet of motors through
the environment are random in nature, it is mandatory that the prob-

lem be treated probabilistically.
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Figure 16 - Attenuation and Delay of Temperature Cycle.
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Figure 17 - Time History of Stress.
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In the following section, examples will be used to demonstrate
the probability distribution of time to motor failure for Sidewinder
rocket motors.

NUMERICAL EXAMPLES

Several numerical examples are given here which demonstrate the
probabilistic damage calculations. A sensitivity analysis of parame-
ters used in the damage calculation was completed to provide quidance
on the relative importance of those parameters. Finally, the model
is demonstrated for Sidewinder rockets. The techniques used here can
be easily generalized to other rocket systems,

PARAMETRIC SENSITIVITY ANALYSES

The curmulative damage formula described earlier in the section

entitlied “Damage Model" (becomes, in the deterministic case, P = 1,

#4ith censistent units):
B

) - t (o - ocr) dt

0" ap(oyy - o)

uses several parameters (B, o, , o r aT) which depend on the mate-

to c
rial properties of the propellant. For Sidewinders, B was measured
to be 9.3 (usina uniaxial data) as an average value, Small varia-

tions in stresses g, ¢© can cause larage changes in the inte-

[¢]
to® “cr
grand and hence the value of the damage. Physically, a large expo-
nent in the damaage formula irmplies a qreater influence on damage for

larger applied stresses o. For example, a 1170 psi stress applied for
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one hour is far more damaging than 10 psi stress applied for ten
hours (because of the large exponent). Therefore, the influence (on
damage) of the stress concentration factor, Ky (a multiplying factor
on round bore analyzed stress to obtain real stress) at geometric
discontinuities in the propellant can be quite sianificant.

As expected, the results shown in Figures 13 through 20 indicate
that damage is very sensitive with respect to changes in the stress
parameters. A small change in one of these pararmeters
Sto» “cr OF K causes an exponentially large difference in the value
of the damage.

A
3.5 7.0 10.5 14
’ = { % % > a (psv)
-0+ 0p, 170 psi
Ke o
R 1 0° F
‘ External { nean
% fempersture v = 10”7 ¢ (Standard Deviation)
8 04
U‘G)
2
-a0 4
-50 4
\ [BASIS: 100 HOURS CAPTIVE FLIGHT]
\
)
60 )
Figure 18 - Damage vs. Critical Stress Below Which .~ Jamage Occurs
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Figure 19 - Damage vs. Stress Required to Fajl Specimen

in One Minute

The cumulative damage for 100 hours of simulated captive flight
and the stress concentration factor

was evaluated by varying 402 ©

K¢ which is applied to the thermal stress solution of a long cylin-
drical aeometry with a cylindrical bore (i.e., plane-strain, axisym-
metric, see Fiqure 8) to obtain the maximum stress.

cr
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Figure 20 - Damage vs. Stress Concentration
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The geometry and properties of the rocket motor were assumed to

be:
Case outer radius 2.5 inches
Case thickness $.068 inch
Radius of bore 0.9 inch

Thermal diffusivity of propellant 1.1 inz/hr

Poisson's ratio of propellant 0.499
Poisson's ratio of case ‘ 0.25
Coefficient of thermal expansion case 6‘OXI0:6/0F
' propeliant  5.4x1077°/0F
6 .
‘ case 30x10° psi
Youna's Modulus Propellant 300 psi
B 9.3 (using Bills'

nomenclature)!
For captive flight:
Outer temperature of rocket {Tmean 300F
Standard deviation 109F

(assumed to be a Gaussian distribution)

Time-temperature shift factor table:

°F Log ay
-60 5.59
-40 4,46
-20 3.47
¢ 2.59
N 1.81
an 1.11
AN 0,48
an -0,08
1nn -n,59
1°n -1.N6
143 -1.48
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An example of a hypothetical batch of 500 rockets was analyzed to
probabilistically predict the time to failure of rockets in the
batch. The properties of the rockets, the dimensions, temperature
data and motor logistics (i.e., probability Markov matrix Pij) used
in the computer simulation were realistic assumed quantities. For
example, normal distributions for annual and diurnal temperature
amplitudes were assumed.

A computer program was developed, implementing the techniques
discussed in earlier sections, to predict (probabilistically) the
time to failure of rocket motors in a given batch. The procedure
used in the computer simulation was discussed briefly in the section
on Markov state models. Each rocket in the batch is allowed to move
from one state to another according to the probability transition
matrix Pij'
that particular rocket. When the total damage for a rocket exceeds

an.i during this process the damage is ac.umulated for

its tolerance (i.e., the random value of P), the next rocket is con-
sidered. This procedure is repeated until all rockets are analyzed,
recording their time to failure. Seven different environments are
considered with their corresponding thermal environment. These
states are typical of (1) curing state, (2) nroderate storaae, (3)
arctic storage, (4) snipboard moderate, (5) truck moderate, (6) train
moderate, and (7) aircraft. Many rockets (shipuent lots) experience
the same environment when travelling from one Markov to another.
Therefore, it is not necessary to analyze all 500 rockets separate-
ly. Instead, it is assumed that there will be 25 distinct complete
travel paths: i.e., rockets will travel in groups of 20, and every
rocket in a qiven aroup will be subjected to the sime enrironment,
However, each rocket within a group will have its own characteristic

critical damage value determined probabilistically.

Each group of rockets (consisting of 20 rockets per arovup 1in
this example) was allowed to travel for ten vears, and the damace was
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accumulated for this period. Consequently, a relation between damage
and tire was established for every group of rockets for the period of
ten yezrs, Then, a critical damage value P (see Fiqure 13)'was ran-
domly selected for every rocket in a gqroup, and from the damage ver-
sus tine relation the failure time was predicted. Whenever the ran-
domly chosen critical damage (damage capability) exceeded the maximum
damage accumulated at ten years, failure time was determined by
extrapnolating the damage versus time curve. The purpose of analyzing
each raocket up to only a linited number of yearcz (ten years in this
case) ‘s to reduce the computational expense, because some rockets
may probabilistically have very large critical damage values and
hence ~il1 require an unusually long time to reach failure. In some
cases, failure time could exceed 100 years. Such approximations are
acceptable since the emphasis of the analysis is to predict early
failures rather than those few cases where failure time is very long.

A sensitivity study was done to provide quidance on the relative
importance of various temperature parameters affecting rocket motor
life. Each (Markov) state in the environmental model is character-
ized ~v various temperature parameters such as the mean annual tem-
perature, the seasonal termperature amplitude and standard deviations
of ampolitudes. Each parameter may have different effects on the
rocket failure times. For example, increasing the standard devia-
tions of temperature amplitudes in every state by 20% could cause
more “amage per unit time than increasing all mean annual tempera-
tures -y the same amount. The influence of each temperature parame-
ter was analyzed by varying the basic data. Results are summarized
in Fiaure 21, which shows the percentage of total rockets failed as a
function of time.

“ne results shown in Fiqure 21 indicate that an increase ir the
ampli=.de of the temperature cycle increases the failure rate or,
equive "ently, shortens the rocket 1life, Increasing the standard
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1 - Standard data 4 - Increase diurnal and annual
_ _ temperature amplitudes
2 - Increase mean annual temp by 50%

eratures by 20%

5 - Increase standard deviation
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Figure 21 - Percentage of Rockets (Hypothetical Geometry) Failed
As a Function of Time
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deviations of temperature cycles was more damaqing to the rockets
than a similar (percentage) increase in the deterministic temperature
amplitudes. A Gaussian distribution was assumed for the temperature
amplitudes.

The most expensive part of such a computation is the thermal
stress analysis. For example, to analyze 25 rockets for 10 years
would cost approximately $100 on the Stanford University IBM 3033
computer. As a means of reducing the cost of computation, the damage
per unit time for each location was established separately and com-
puted only once, and in the Markov simulation this damaqe/time was
entered as data rather than computed for each hour. Hence, for each
different location (storage, captive flight, etc.), the damage for a
specified period is computed by describing the probabilistic external
temperature nodel representative for each location.” In the next
subsection, this will be demonstrated for Sidewinder rockets.

EXAMPLE OF SIDEWINDER ROCKETS

Damage in Storage Locations

The damage per unit time was computed for each different Markov
state. A computer program called STORAGE was developed to estimate
(probabilistically) the damage per unit time for each different sto-
rage location, The program uses the random external temperature

(T = Tm + faTa sin uat + ded sin wdt) model described in detail in
the section titled "Sidewinder Storage Location External Tempera-

* A nmore rianorous stochastic method would use a distribution of
damaqe  per  unit time for each location rather than a
deserministic value,
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ture." The closed form thermal stress solution described in the sec- |
tion entitled "Example Temperature Distributions in a Propellant" is

used to compute maximum hoop stress at the rocket bore. The ampli-
tudes T, and T, are randomly selected once every 24 hours for T4 and
once every 30 days for Ta. Stresses are calculated, at hourly inter-
vals, based on the random values of the amplitudes. Subsequently, ;
the damage 1is computed using the cumulative damage formula. The j
total damage was calculated for each storage location for a ten year .
period. The geometry and materials properties of the Sidewinder were

assumed (for this analysis) to be:

Outside radius 2.5 inches
Case thickness 0.06 inch
Radius of bore 0.9 inch ;
Thermal diffusivity of propellant 1.1 inz/hr :
Poisson's ratio of propellant 0.499
Poisson's ratio of case 0.3

.  case 6.0x1075/0F “
Coefficient of thermal expansion propellant 5.4x10’5/°F
s i B
B (using Bills' nomenclature) 9.3
%o 160 psi
Ocp 8 psi
K¢ 2

The time temperature shift factors are shown on page 49,

The resulting damage (for ten years) is shown in Table 3 for
each Tocation. Most of Navy's storage locations are in fairly mild
climates; hence, the damaqge is relatively low. Generally, colder
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Table 3 - Relative Damage

O D N N B W N =
Pt .

[ R R S e
A N AW N - O
. . . . . . .

17.
18.
19.
20,
21,
22,
23.
24,
25,
26,

Fallbrook, CA
Roosevelt Roads, PR
Key West, FL

Rota, Spain

Norfolk Reg. VA
Cherry Point, NC
Oceana, VA

Kaneohe Bay, HI
Seal Beach, CA
Guam/Agana

Iwakuni, Japan

Las Vegas Nellis, NV
Dallas, TX

Yuma, AZ

Sigonella, Sicily
Beaufort, SC
Okinawa Is/Naha

E1 Toro, CA
Miramar, CA
Yorktown, VA

Point Mugu, CA
Kadena/Ok inawa

Da Nang, Vietnam
Nam Phong, Thailand
Concord, CA
Tokyo/Atsuqi, Japan

DAMAGE
DAMAGE
DAMAGE
DAMAGE
DAMAGE
DAMAGE
DAMAGE
DAMAGE
DAMAGE
DAMAGE
DAMAGE
DAMAGE
DAMAGE
DAMAGE
DAMAGE
DAMAGE
DAMAGE
DAMAGE
DAMAGE
DAMAGE
DAMAGE
DAMAGE
DAMAGE
NDAMAGE
DAMAGE
NAMAGE

0.406510-09
0.0"

0.0
0.534220-09
0.290050-06
0.21729D-07
0.185430-06
0.0
0.45947D-09
0.0
0.111270-06
0.17629D-06
0.30505D-07
0.43977D-09
0.179950-07
0.38339D-08
0.16054D-16
0.66235D-09
0.47866D-09
0.20989D-06
0.26757D-09
0.54705D-16
0.0

0.0
0.29840D-07
0.337130-06

* . . "
N.0 indicates a very small number, not "zero."
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climates would cause more damage due to temperature alone. In
Sidewinder's case the most damaging location was located in
Tokyo/Japan; but, even there, the damage seems to be minimal. Most
storage locations are well insulated (see Fiqures 22 and 23); there-
fore the rocket (skin) external temperature will be milder than the
ambient temperature. This is considered by using a scaling factor
for the amplitudes. In this case, fa was chosen to he 0.667; and f,
= 0.4.

3

Figure 22 - Magazine 21HT4, Typical of the AT, BT, BTX, FT, HT, and WT
Magazines of the Naval Ammunition Depot, Oahu, Hawaii.
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Figure 23 - Magazine 10FT3, Typical of AT, BT, BTX, FT, HT, and WT
Magazines at the Naval Ammunition Depot, QOahu, Hawaii

There may be locations in the Sidewinder motor where the com-
bined overall stress and stress concentration factor Kt result in
higher local stresses than those obtained from bore stresses with

Ky = 2. In such Jocations, the damage might be dramatically
increased (see Figure 20),
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Damage During Captive Flight

Unlike storage environment, captive flight can be very severe
for Sidewinders. The rocket is generally exposed to ambient tempera-
tures, and during high altitude flights, temperatures can be very
low; and, hence, cause large damaqe. Fortunately, most flights are
flown at low to medium altitude (below 25,000 ft) where the tempera-
tures are generally above 30°F., In the few instances of slow speed,
45,000 ft altitude flight, the case temperatures can be lower than
-40°F,

A computer program called CAPTIVE FLIGHT was written to calcu-
late the damage during captive flight. The program assumes a Gaus-
sian form of external temperature distribution. The mean and the
standard deviations are input as data. A constant temperature is
maintained during each flight, but the temperature is randomly se-
lected for each flight from the specified normal temperature distri-
bution. A1l captive flights regardless of their origin are assumed
to be subjected to the same external temperature distributions. That
is, the distribution is assumed to be representative of all captive
flights.” The revised input parameters (changes to the data above)
are:

For Captive Flight:
Outer Temperature of Rocket {Tmean =30°F
(assuming a Gaussian

distribution)

One standard deviation ¢ =20°F

Young's Modulus = 800 psi

* . .
Gathering more data is recommended.
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The damage was computed for 1000 hours (applied in two-hour blocks,
since average flight is two hours in duration, each with randomly
selectad T) to be:

fumulative damage durina 0.150 «x 10-2

1700 hours of captive flight

Note *“nat captive flight is far more damaging than storaqe (compare

to maximum storane damage of 0.337x10'6 in ten vears). In spite of
the relatively 1little time spent in caotive flight as opposed to
storaca, the captive flight resulted in nore damage. Specifically,
the F_TAC data shows that on the average, 4 rocket spends 0,0272% of
its 1ife (23.8 hours in 10 years) in captive flight. 1In spite of
this relatively short portion of 1life that is spent in captive
flight, (on the average) captive flight is responsible for 106 times
more *amage than storane entirely in the most severe storage loca-
tion, i.e.:

. -2
150 x 10 X 365 x 24 x 10 x 2.72 x 10-4 - 106
1000 0.337 x 10°
captive flight
<caot‘l .'e-fliqht> < < 1 > . (captive hours) =< damage
damace per hour damacc per hour storage hours storage damage
storage

Sidewinder Damage During Ship Carry/Stowage

“ne temperature model descrivbed in the section, "External Tempera-

ture “or Ship Transport, (TShip = Tm + Ta sin .at + Td sin ‘dt)’ was

used in a program simitar to STORAGE to compute the damacc per unit

tire. The distribution for tne ."rral  amplitude Td i3 shown in

)
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Figure 5. The mean temperature Tm equals 74°F and a deterministic
value of 4°F was used for the seasonal temperature amplitude. The

16

damage was computed to be 0.115 x 10" " in two years. This is rela-

tively a very small amount of damage.

Sidewinder Damage During Ground Transportation

Ouring ground transportation (train or truck), the rockets are
exposed more directly to the ambient temperature; therefore the insu-
lation provided is minimal. This implies that the scale factors fa
and f, used in the equation T = Tm + faTa sin wat + ded sin wyt are
close to unity. In this analysis fa and f, were taken to be unity,
and a damage at each storage location area was computed. The damage
that occurs when a rocket moves from location A to location B which E

required To hours of transportation is estimated by using the sum of
i T
the damage that occurs in 7? hours at location A, plus the damage

that occurs at location B for the same period 7? . The relevant tem-

peratures are those of the arrival and departure locations and the
time is divided equally.

The damage per unit time at each storage area (using fa = fd =
1) is listed in Table 4, Appendix D lists all possible transporta-
tion between locations and distances between these locations. The
duration of the transportation then is simply the distance divided by

the speed of transportation.
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Table 4. Curulative Damage in Five® Years (fa = fq = 1)

1. Fallbrook, CA DAMAGE = 0.50457D-08
2. Roosevelt Roads, PR DAMAGE = 0.0

3. Key West, FL DAMAGE = 0,10093D-15
4, Rota, Spain DAMAGE = 0.47872D-08
5. Norfolk Req., VA DAMAGE = 0.10161D-04
6. Cherry Point, NC DAMAGE = 0,37204D-05
7. Oceana, VA DAMAGE = 0.64862D-05
8. Kaneohe Ray, HI DAMAGE = 0.0

9. Seal Beach, CA DAMAGE = 0.42584D-08
10,  Guam/Agana DAMAGE = 0.0

11. Iwakuni, Japan DAMAGE = 0.446860-05
12. Las Vegas Nellis, NV DAMAGE = 0.35502D-04
13. Dallas, TX DAMAGE = 0,72915n-05
14, VYuma, AZ DAMAGE = 0,21993n-05
15, Siqonella, Sicily DAMAGE = 0.29079D-05
16. Beaufort, SC DAMAGE = 0.24641D-05
17. Okinawa Is,/Naha NDAMAGE = 0,35618D-10
18, EY Toro, CA DAMAGE = 0.46481D-06
19. Miramar, CA DAMAGE = 0,25572D-06
20. Yorktown, VA DAMAGE = 0,98086D-05
21, Point Muau, CA DAMAGE = 0.14555D-06
2?. Kadena/Okinawa DAMAGE = 0.539480-09
23. Da Nang, Vietnan DAMAGE = 0.46830D-12
24, Nam Phonag, Thailand NAMAGE = 0.44726D-19
25, Concord, CA DAMAGE = 0,58973D-05
26. Tokyo/Atsuqi, Japan NAMAGE = 0,14412D-04

*flote this relatively short time compared to actual experience.
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Sidewinder Damage During Air Transportation

During air transportation the temperatures are fairly mild.
Assuming a mean temperature of 60°F and a standard deviation of 12°F,
the damage was computed to be 0.885 x 102 in 1000 hours.

CAPTIVE FLIGHT computer code was used to determine the air
transportation damage. This damaage is 170 times smaller than captive
fliqght damage.

MARKOV SIMULATION OF SIDEWINDER ROCKETS

The values of damage per unit time from each specific type of
location {(e.q., captive fliaht, storage, ship carry) computed earlier
were used as input in a program cailed MARKOV to determine probabi-
listically the damage that occurs in a rocket fleet. An exarmple of a
fleet with 1000 rockets was analyzed. MARKOV uses as input the pro-
bability transition (MARKOV) matrix of the rocket in consideration.
In this example, the Sidewinder transition matrix derived from FLTAC
data was used. The characteristic "damages per unit time" are next
read as data input. The program then simulates the rocket history
and the damage accumulation. For Sidewinder rockets, as expected,
those rockets that were extensively used in captive flight experi-
enced the most severe damaqe (Tables 5 and 6 show the result of the
MARKOV computer run). Magnitudes of damage, however, seem low, The
maximum damage was computed to be 1,182 «x 10'3 after 10 years of
sirulated rocket use. Fiqure 23 shows the cumulative density func-
tion of damage distribution, and Fiqure 25 shows the percentaqge of
rockets with extreme damage. Because of the tremendous sensitivity
of the damage value to the characteristic input parameters (see sec-
tion titled "Parametric Sensitivity Analyses"), the values of damage
should be interpreted in a relative sen%e, and a calibration of the

damaqe formula as was discussed hy Bi1ls  may be necessary. Cyclic
thermal loading experiments of propellants will be of great utility.
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Table 5 - Sidewinder Rocket Damage.
IR= 1 .19017€-04 TIHKE= 93502. HNLOC= 5 NCaP= 7
IR= 2 L1 3TSEE-04 TIME= 94926, NLOC= 5 HCaAP= 5
IR= 3 .28510E-05 TINE= 106167. NLOC= 5 hKCAP= 1
12= G .59417E-04 TIME= 9672V, HLOC= 6 HCAP:S 20
IR= 5 .45927E-0S TINE= 104421, HLOC= 7 HCAP= 1
1e= 6 .55%20€E-05 TINE= 91625. HNLOC= 4 HCAP= <
IR= 7 .0.842195-04 TIrE= 10879, HNLOC= 3 NRCaP= 31
IP= 8 .70805E-04 TItE= 11049, NLOC= 5 NCapP= 26
IR= 9 L16313E-04 TINE= 102513, NLOC= 6 hCap= 6
IR= to .Ew533E-04 TIHE= 106352, HNLOC= 4 HCiP= 9
IR= 11 .6l557E-04 TINE= 102685, HLGCC= S NCaAP= 23
IR= 12 .13584E-04 TINE= 136851, HNLOC= 3 hCaPs S
IR= 13 .57077E-04 TINE= 96114, HLOC= 7 HCaP= 21
IR= 14 L1E45TE-06 TIME= 99236, HNLOCE 6 {CaPs= 0
IR= 15 .75340E-05 TIHE= 120546, NLOC= 5 HNCaP= 2
Ip= 16 .23762E-04 TINE= ¢5116. HLOC= 4 HNCAP= 8
IR= 17 LE82325E-05 TIHE= 103593, HLOC= 5 HCaP= 3
IR= 18 .C453SE-04 TINE= 92538. HLOC= 5 HKIAP= 9
IR= 19 .07992€-05 TIME= 117600, MNLOC= 3 KNCAPE 1
IR= 2 .0 TINE= 90240, HNLOC= 2 NCAP= 0
IR= e .11C62E-03 TINE= 150732, HNLOC= 2 hCap= 44
IR= 22 .S¢E0ZE-0S TIME= 120505, HLCC= 5 NlaAP= 2
1Pz 2 .15408E-03 TIME= 107379, HLOC= 5 HCAP= 56
IR= e L11818E-02 TINE= 151439, NLOC= 2 HNCAP= 435
IR= 5 L 81584E-04% TIME= 143344, HNLOC= 5 HCAP= 30
IR= 26 .12565E-04 TINE= 114516, HLOC= 5 NCaAP= 4
IR= c? .€6-51E-04% TIME= 92564, HNLOC= 4 Niaps 9
IR= 28 .6116CE-08 TINE= 104047, HLCC= 4 HCAPE [}
IR= 29 A1031E-04 TIME= 5C68. NLOC= 4 HCAP= 4
IR= 30 .E3970E-05 TIME= 117545, HLOC= 5 HIAP= 3
IR= 31 .55%C0E-05 TINE= 8¢310., HLOC= 4  NCZAp= 2
IR= 2 L670188-04 TINE= 92763, HLOC= 5 hCAP= 32
IR= 33 .&7155€-10 TINE= 102¢37. HLOC= 2 HCAP= 0
IR= 34 .1355-E-03 TItE= 129137, HLOC= ¢ NKCap= S0
IR= 35 LG34A32E-04 TINE= 106030. HLOC:= 5 HCAP= 16
IR= 36 L5447E-04 TIHE= 101755, NLOC= 5 MNCAP= s
IR= 37 LE2327E-05 TINE= Q2907. HLOC= 5 HNCAP= 3
]e= 38 .12502¢-03 TINE= $4797. HI0C= 5 HNCap= 50
—1IR= 39 L.27250E-04 TINE= 117617, HLOC= 3 KCaAP= 10
IR= 40 .73353E-04 TINE= 133966. NtOC= 7 HCAP= 27
IR= 41 LA3THEE-04 TINE= 91524, HNLOC= 5 HCAP= S
IR= 42 LCVBCEE-04 TINE= 10473y, HLCcC= S KCAP= 8
IR= 43 .65346E-04 TIME= t1ototr, NLOC= 5 MNCAP= 2
IR= 44 16445€E-04 TINE= 113796, HLOC= 4 HIAP= 6
IP= 45 .e7332E-04 TIME= 103949, HNLOC= 4 NCAP= 10
IR= 46 BC25CE-07 TINE= 95759. HLOC:= 2 NCAP= 0
':!R: 47 .2881CE-05 TINE= 9474%, NLCC= 4 NCAP= 1
IP= 48 .62052E-07 TINE= 87671. HNLOC= 3 HCAP= Q
IR= 49 .76074E-04 TINMES 89856. NLOC= 4  HNCAP= 8
IR= 50 .0 TINE= §5493, HLCC= 1 NCAP= 0
IR = individual rocket (which can also be considered to be an
average rocket of a group used as a shipment lot)
DMG = damage accumulated for time shown
TIME = total hours
NLOC = number of locations
‘ NCAP = number of captive flights
]
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Table 5 (Contd.)
IR= 51 OMG= 0.1103SE-04 TIME= 110823, NLOC= 7 NCAP=
IR= 52 OMG= 0.63147€E-05 TINE= 114619, NLOC= 6 NCAP= 3
IRz 53 DIG= 0.67155E-10 TINME= 98971, NLOC= 4 NCAP= 0
IR= 54 OI1G= 0.15530E-0% TIHE= 101160. HLOC= 3 HCAP= 5
IR= 55 DMG= 0.22285E-03 TINE= 104060, NLOC= 4 HNCaPp= 82
IR= 55 DitG= 0.20275€E-04% TIME= 12059%. MLOC= 5 HCAPE 6
IRz 57 DMG= 0.2376CE-04 TINE= 100575. HLOC= 4 KCAP= 8
IR= 58 DH3= 0.55160E-05 TIME= 85504. HNLOC= 3 HCAP= 2
IRz 59 6= 0.73434%E-04 TIME= 93479. NLOC= 3 HNCAP= 27
IR= 60 DMG= 0.84307E-0% TINE= 103706, HLOC= 5 HNCAP:= 3t
IP= 61 15 0.12709€E-03 TINE= 118135, HLOC= 5 MNCaP= 46
IR= (Y4 Ct:5= 0.10583€-03 TINE= 103538, HNLOC= 4 HNCAP= 40
Ie= 63 Oti5= 0.48005€E-03 TItiE= 116662. HNLOC= . NCaP= 177
1P= 64 DriG= 0.45638E-03 TINE= 186402. HNLOC= 4 NCAP= 179
IR= 65 DGz 0.217343E-03 TINE= 93866. NLOC= 6 HCAP= &9
IR= 66 DI1G= 0.33169E-04% TIME= 93528. HLOC= 5 NCAP= 14
IR= 67 [s] e b.léQSOE-Ob TIHE= 103935, HNLOC= 4 HCAP= 0
IR= &8 DMG= 0.44627E-QS TINE= 93538, HNLOC= 5 HNCAP= |
1= €9 D15= 0. 11031E-04 TIHES= 90113, HLOC= 4 NCaAp= 4
IR= 70 pHG= 0.82325E-05 TINE= ass53.  HLOC= 4 nNCap= 3
IR= 73 DMG= 0.19023E-04 TINE= 115535, NLOC= 4 MNCAP= 7
IR= 7 Ot13= 0.65312€-04 TIME= 116414, HIQC= 7 HCAP= 24
IR= 73 DI!5= 0.114%10E-03 TINE= 93493, HLLC:= 4  HCAP= 42
IR= T Dt:3= 0.56040E-05 TIHE= 107233, HLOC= 6 nap= 2
IR= 75 DG= 0.35482E-04 TIHE= 100343, HLCC= 4 HNCAP= 13
IR= 76 DNG= 0.459414E-049 TINE= 95407. HLOC= 4 HCAP= 16
IR= 77 Dti5= 0.1C2731E-049 TINE= 120935, NtOC= 4 NCAP= 4
IR= 7 DH5= 0.19029€E-04 TINE= 88672. HNLOC= 4 HMNCAP= 7
IR= 79 DH5= 0.16450E-06 JINE= 147724, HNLOC= &4 HMCAP= 0
IR= 80 DNG= 0.4363CE-04 TINE= 85705, HLOC= 3 HCAP= 16
IR= 51 D1iG= 0.1602G6E-03 TINE= 183596, HLCC= 6 HNCAP= 59
IR= 2 DGz 0. t3748E-Q4 TINE= 124476, NLOC= 4 MNCAP= 5
IR= 83 DiG= 0.19182E-04% TINE= €894, HLOC= 4 HMCAP= 7
IR= 8% DN5= 0.55157€-05 TINE= 115026, NLOC= 4  MCAP= 2
IR= &5 DHG= 0.21193E-03 TINE= 107129. NLOC= 5 NCAP= 76
IR= &6 DMG= 0.453520€-0% TIHE= 2336, HLOC= 5 HNCAP=z 16
IR= 87 0.3276%E-0% TINE= 100242, HNLOC= 4 HCAP= 12
IR: 88 0.11032E-0% TIME=: 124795, MNLOC= 4 HNCAP= 4
IR= 89 0.42652E-03 YIHE= 175696. NLOC= 5 HNCafsz 187
IR:= 90 0.3C049E-04 TINEs= 94283, NLOC= 4 HNCAP= 11
IR= 9 0 32623E-049 TINE= Q3899 , HLOC= 3 MNCAP= e
IR:= 92 0 >881C2E-05 TINE= 109692, MHLOC= 4 HNCAP: 1
IP= Q3 0.32633£-0% TINE= t14703. HNLOC= 6 NCAP: 12
IR= 94 C.11031E-04 TInE= 103938, HLCC:= 4 HCAP= 4
IR= 9s5 0.61562E-05 TIMNE= 100130. NLOC= 6 HCAPE 3
IR= w6 0.5%C5E-04 TINE= 106367. HNLOC= 4 HNCAP= 20
1P= 97 0.45760E-0% TINE= 92068, NLOC= 3 HNCAP: 18
Ir= 98 0.51722E-0% TINE= 109610, HLOC= 5 NCaAP: 19
= IR= 99 0.517835£-04 TINE= 8597, HNLOC= 5 NCAP: 19
IR= 100 0.21816E-04% TIHE= 144384, HLOC= 4 NCAP:= 8
IR= 101 Q0.1918CE-04 TIHE= 93092. HLOC= 5 MCAP= 7
IR= 102 0.95250E-04% TINE= 94340, HNLOC= 4 NCAP= 35
IRz {03 0.57C16E-04 TINE= 96019, HLCC= 4 HNCAP:= 2
IR= 104 0.24616E-04 TIHE= 105662, HLCC= 4 HNCAP= 9
IPz 105 0.13745E-04 TINE= 100510. NLOC= 4 NKCap: 5
IRz 106 0.46267E-04 TIME= 110316. HLOC= 4 HNCAP= 1?7
:IP: 107 0.1094GE-04 TIME= 93638. NLOC= 3 NCAP: [
IR= {08 0.57140E-04 TINE= 969494, HRLOC= S5 MCAP: o
IR= 109 0.55%30E-05 TIMES 94746, NLCC= & MHCAP= 2
IR= 110 0.10176E-0% TINE= 112766, HNLOC= 5  NMCAP: 3
64




NWC TP 6305
Table 5 (Contd.)

IR=
IR=
IR=
IR=
IR=
IR=
IR=
IR=

IR=

1 DHG=
12 OMG=
113 DM3=
114 DMG=
115 DMG=
116 DHG=
117 onsg=
118 DrG=
119 DHG=
120 DrG=
121 prs=
182 [Ustely
123 DiG=
124 DiG=
15 DHG=
126 DOHG=
127 DhG=
1.8 crg=
129 CHG=
130 Dris=
131 D=
132 DH5=
133 DNG=
13% DNG=
135 DHG=
135 oNnG=
137 orG=
138 DhHG=
139 DH3=
140 DMG=
141 DHG=
142 CnG=
1-3 OMG=
144 DH3=
145 [COCh
146 [
%7 "
148

149

150

151

152

153

154

155 onG=
156 DMG=
157 oONG=
158 BHG=
159 bHG=
160 DnG=
161 onGg=
162 DHG=
163 OMG=
164 DHG=
165 oNG=
166 DHG=
167 [J e
168 D1iG=
169 DMG=
170 DHG=

TECO0O00000O0O0000000000O00DO0OO0O0O0OO0O0O0CO00CO000DO0O00

000000000000 O0OLOODOO0OOOC D . .~

.82385E~
57134E-~
.13830E-
.25461E-
.1269SE-
.C8C60E-
.1 38C6E~
L67916E-
.67966E-
.13666E-
. 166450€E-
LG8993E-
.556S0E~
.19182E-
.82319€~
.8C512E-
.12785E-
.21899E~
L 1G14GE-
.16300E~
L2V 734E-
LECC5LE-
.3C083E-
LA T3I3E-
.15230E-
.1CB19E-
.CS054E-
.55157€-
.19099%9E-
161288~
.95086E-
.A2956E-~
. C4451E-
11114E-~
17055€E-
VI3 3E-
L3VGTE-
LS T3E-
L2CGASE~
.05 3k~
L2TCREE-
L 35G06E-
L 16455E-
AB612E-
LG47450€E-
.V03C4E-
12096k~
.G4T7450E-
AT7124E-
.32765E-
.E5050€ -
12513k~
.24730E~
.70805E -
.85658E-
.81650€E-
ACCC5E-
. 16450E-
.27230E-
.16585E-

05 TIME= 105658,
04 TINE= 125612,
04 TIME= 118934,
04 TIME= 10283t
04 TIn,= 88710.
04 TIME= 89591.
03 TIHE= 101314,
04 TIME= 94234%.
04 TIME= 95149.
04 TIME= 87880,
06 TINE= 104915,
04 TIME= 186120.
05 TIHE= 910863.
04 TIHE= 147737.
07 TINE= 102325.
05 TINE= 94741,
03 TINE= 113811,
04 TIHE= 133673,
03 TINE= 191882,
04 TIHE= 89589,
04 TIHE= 88069,
07 TINE= 120804,
04 TINE= 102117,
04 TINE= 111448.
03 TINE= 109792,
04 TINE= 8§9409.
05 TINE= 120565,
05 TINE= 8g775.
04 TINE= 111647,
03 TIHE= 114668.
04 TIHE= 116405,
03 TIME= 107727,
04 TINhE= 89694,
04 TINE= 120150,
06 TIME= 104058.
04 TIRE= 1156024,
05 TINE= 95182,
04 TINE= §4239.
04 TINE= 146351,
04 TINE= 103450,
05 TIME= 91063.
04 TINE= 101401,
04 TINE= 95167,
04 TINE= 94706.
05 TIHE= 5103,
03 TINE= 100329.
07 TIME= 116568,
05 TINE= 95104.
03 TINE= 107355,
04 TINE= 95082,
05 TINE= 136539,
03 TIHE= 109774,
03 TINE= 121292.
04 TINE= 112426,
04 TIHE= 118317,
0s TIME= 105556,
03 TINME= 14358L.
06 TINE= 9203s.
0S TINE= 101071,
03 TIHE= 109798.
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NLOC= 4 NCAP=
HLOC= 4 HCAP=
HLOC= 5 HNCAP=
HLOC= 5 HNCAP=
HLOC= 5 NCAP=
HLOC= 5 NCAP=
HLOC= S HCAP=
HLOC= S NCAP=
HLOC= 9 NCAF=
HLOC= 3 HNCAP=
HLOoC= 4  NCAP=
HLOC= 3 HCAP=
NLOC= 5 HNCap=
NLOC= 4 HNCAP=
HLOC= 4 NCAP=
NLOC= 5 NCAP=
HLOC= 6 HNCAP=
HLOC= 4 NCAP=
HLOC= 5 HNCAP=
MNLOC= 3 nCap=
HLOC= 3  NCAP=
NLCC= 2 hcap=
HLOC= 4  hCAP=
HLOC= 6 hCAP=
HLOC= 4 HCAP=
HLOC= 5 MNCApP=
HLOC= 5 HNCAP=
NLOC= 3 NCAF=
HLOC= 5 KCAP=
HLOC= 7 NKCaAP=
NLOC= 1 NKCAP=
NLOC= 6 MNCAP=
NLOC= 3 HCAP=
HLoC= 5 HCAP=
HLOC= 4 NKCAP=
HLOC= 5 HCaP=
HLoc= G NCAF=
HLOC= 5 HCAP=
HLOC= S HCAP=
HLOC= 5 KCAP=
NLOC= 4  HNCAP=
HLOC= 5 HNCAP=
HLOC= 4 HCAP=
HLOC= 5 NCaApP=
NLOC= 4 NKCAP=z
HLOC= 5 NCaAP=
HLOC= 4  NCAP=
NLOC= 4 HNCAP=
HLOC= 4  NCAP=
HLOC= 4 NCAP=
HLOC= 4 MNCAP=
HLOC= 4 HNCAP=
HLOC= 5 NCAP=
HLOC= 5 HNCAP=
H1LOC= 6 MNCAP=
HLOC= 5 HNCAP=
NLOC= 3 HCAP=
HLOC= 3 NCAP=
HLOC= 3 HCAP=
HLOC= 4 HCAP=
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NWC TP 6305
Table 5 (Contd.)

IR= 171 DMG= 0.28812E-05 TIME= 138537. NLOC= 4 NCAP= .

IR 172 DMG= 0.59080E-0% TINE= 100899. NLOC= 4@ MHCAP= 21

IR 173 DGz 0.54456E-05 TIME= 92937. HNLOC= S NCAP= 2

IR 174 Dit5= 0.103430E-03 TINE= 193314, HLOC= & NCAF= 38

IR= 175 DH5G= 0.1CS01E-04 TIME= 112890. NLOC= S HMNCAP= 4

IR: 176 DH3= 0.56802E-05 TIME= 119096, MLOC= 6 HNCAP= 2

IP= 77 DG= 0.95174E-0% TIHE= 89576. NLOC= 5 MNCAP= 35

ez 178 015 0.83147E-05 TINE= 100555, NLOC= & HNCAP:= 3

1 IR {79 OHG= 0.59775E-04 TINE= 134162. HLOC= 2 NCAP:= 2

1P= 180 DHG= 0.11031E-04 TIME= 96138, MNLOC= 3 RCAP= 4

1Pz 181 DHS5= 0.978C<E-04% TINE= 95056. HLOC= 6 HNCapP= 36

IR= 182 DHG= 0.24576E-06 TINE= 118535, HLOC: 5 HCAP= 0

IR= 163 DM5= 0.C24533E-04 TINE= 99780. NLOC= 6 NCAP= 9

I9= 184 DMG= 0.16860E-03 TINE= 110975, HNLOC= 5 RKCAP= 62

I2= t&s Ot153= 0. 108935-03 TIHE= 1005°0. HLOC= 4 HCAP= 40

IR= 186 D= D.169471E-0% TINE= 121260, NLOC= 5 KNCAP= [

0= 187 1332 0.14554E-04 TINE= 100630. HLOC= 6 NCAP= 4

iPr=  t8s ONG= 0. H54T9E-04 TINE= 118532, HLCC= 5 NCAP= 9

TR= 189 '3 0.55730E-05 TINE= 103342. HNLCC= 4 HMHCAP= 2

= 190 MGT 0.120°3E-Q7 TINE= 107374, NLOC:= 4 MNCAP= 0

P 1N Dt:5= 0.93255E-05 TINE= 95108. HNLOC= é NCAPES 2

IP= 192 5= 0.13742E-04 TINE= 103940. NLOC= 4 NCaApP= S

19z 193 Di3= 0.82325E-0S5 TINE= &5009. HLOC= 4 heaps 3

1e= 184 ONG= 0.70717E-0% TINE= 93275. HNLOC: 4 HNCAFP:= 26

IP= 155 0t¢3= 0.943508-07 TINE= 116239, NLOC= 6 HCAP= 0

iR= 196 DI3= 0.13746E-049 TINE= 9c04+5. MLOC:= 3 HCAP= 5

IR= 197 Di3= 0.8C0C05CE-07 TINE= 122804, MLOC=E 2 MNCAP= 0

IP= 163 DH3= 0.21873E-04 TIME= 103946, HLOC= 4 MNCAP= 8

IRz 199 D¥53= 0.28050E-05 TINE= 113542, NLOC= 3 HCAP= 1

f IR= 200 DHG= 0.2C635€-05 TINE= 118927. NLOC= 5 NCAP= ]

ez Z0% D5 0.82257E-07 TINE= 95759, HNLOC= 2 MNCAP= 0

p= lo02 DM5= 0.32765E-04 TINE= 94605. HLOC= 4 HNCAP= 12

1Pz 203 D1'G= 0.83147E-05 TINE= 95761 . NLOC= 4 NCAP= 3

IRz 204% O1i5= 0. 114%10E-03 TIhE= £9578. HNLOC:= 3 KCaAP: “42

iRz 205 DGz 0.25721E~09 TIte: 109719, HLOC= 4 NCaAps 4]

IF= 206 0i'G= 0.27370E-0S5 TINE= a5761. HLOC= 2 HNCAP= 1

IR= 207 D:i3= 0.1113%E-03 TIHnE= 114575, HNLOC= 5 MNCaP-= LY ]

IR= C08 DMG= 0.10121E-04% TINE= 101622, HNLOC= 5 HCAP= 3

Iz 209 DMG= 0.23050E-05 TIng= 85200, HLOC= 3 NCAP: 1

Ir= 210 DH3= 0.83147E-05 TItE= 22189, HNLOC:= 4 KCAP= 3

IR 211 DM53= 0.40763E-04 TIing= 101331, HLCC: 5 KCAP:= t5

\ IR 212 DNG= 0.15530E-04 JIne - 101160. HNLOC= 3 MNCAPE s

IR= 213 p1:G= 0.28310E-05 Ting= Q3476. HLOC= 4 HNCAPS 1

12z 214 Do 0.33116€-04 TIing= 1006922, HNLOC: 4 MNCAP= 14

IR= 215 DI1G= 0. 354%85E-04% TINE= 104031, HNLOC= 4 NCaP= 13

IR= 216 DHG= 0.11031E-04 TIME= 104506, HNLOC: 4 NCAP= 3

IRs 217 DG 0.19440E-C5 Ting= 93536. HLOC= 5 HCap= 0

Ir= 218 DHG= 0.54%17E-04 TINE= S0307. NLOC:= 3 RCAF= <0

—1Ip= 219 DHG= 0.1G09GE-0% TINE= 66350, MNLOC= 4 HCAF= 7

IR= 220 DG 0.13745E-04 TINE= 103590, MLOC= 4 HNCAP= 5

P 22 pHG= 0.17328E-C6 TINE= 104058, HLOC= 3 NCAP= 0

4 IR= Q22 DG 0.C1670E-09 TIHE= 103+68. NIOQOC= 4 NCaAPp:= ]

; IR= 223 DHG= 0.27352E-05 TINE= 91174. HMHLOC= 3  NCAP= 1

! IR= (24 0NMG= 0.279%0E-03 TINE= 97773. HNLOC= 6 NCAP= 103

i IRz 225 DHG= 0.55161E-05 TINE= 110292, HLCC: 3 NCAP= 2

: IR=, 2l6 DHiG= 0.10332E-03 TINE= 90293, MlOC= 7 HNCAP= 8

—1IR= 227 pns= 0.0 TIMNE= 83493, NLOC= 1 HCAP= 1]

1 IR= 28 D1iG= 0.65366E-04 TINE= 92441, HNLOC= 4 HNCAP:= %

E IR= 229 DHG= 0.29978E-04 TIME= 90931, HLOC= 5 NCAP: 1"

' P 230 DHMG= 0.120420-04 TIME=  108141. MLOC= 5 uceT: >
r

L e e
i
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Table 5 (Contd.)

IR=
IR=
IR=

58
59
260
61
262
63
c64
2é5
266
o7
2¢8
269

rPrryr
~ =
r) = O

Q@ N sl N SN SN
w

OVl SE

SRS NN TN SN ]

r

o r
[ R
W -

284%
285
286
287
288
289
290

oMG=
DMG=
DHG=
pHG=
DMG=
DHMG=
pHG=
DHG=
DNG=
OtG=
DMG=
DGz
DHG=
DHG=
DHG=
DHG=
slated
Olia=
DHs=
DIG=
ONG=
DHG=
OG-
DiiG=
pHG=
bMG=
pHG=
Dh5=
DNHG=
BNG=
pris=
pr3=
DtiG=
DHM5=

DGz

oo o
po-Qie-giba g 4
3% ]
(T

ARAR AN

W

2

oG

2

2
&
"

DH5=
peG=
ONG=
DHG=
o] el
DMG=
DHG=
D!G=
pHG=

atets
DMG=
DiG=
DN5=
onG=
pMG=
[ 4Ry

DMG=

0.54396E-
0.54398E-
0.24676E~
0.55500E-
0.28812¢-
0.35318E-
0. V81 4E~
0.29975E-
0.83147E-
0.76068E-
0.19100€E~
0.11031E-
0.13500€-
0.%34G0SGE-
0.24842E~
0. 11185E-
0.40751€-
0.28512€E~
0.24515E-
0.51782E-
0.82330E-
0.13500E~
0.86947E-
0.59550E-
0.57057E-
0.74617E~-
0.57C16E-
0.32765E-
0.10383€-
0.21734E-
0.79335€-
0.92533E-
0.95250E-
0.26815E-
0.24615E-
0.95050E-
0.83147E-
0.73¢8%E-
0.11¢82E-
0
0
0
0
0
0
0
0
0
0
0
]
0
0
0
0
0
0
0
0
0

e

LEQ308E-
.55650E-
. 8QL850E-
54455E-
LON4STE-
LO733E-
L62509E-
L29535E-
LT3439E-
LB2282E-
L5441 TE-
LU626TE-
.20963E-
A37G8E-
L.C7C28E-
.65372E-
CE1114E-
L10332E-
.68000E -
. R1098E-
.55157E-

0s TIME= 91064.
0s TIME= 109972,
06 TIME= 120183,
05 TINE= 147584,
0s TIME= 950063,
04 TIME= 113028.
04 TIME= 111892,
04 TIHE= 97275.
05 TINE= 1358¢0.
04 TIHE= 116413,
0% TINE= 112065,
04 TIHE= 103938,
04 TINE=S 103174,
04 TIME= 134699.
07 TIHE= <€5502.
03 TINE= 103364,
03 TIHE= 171724,
0S TINE= 136551,
04 TINE= 90069,
04 TIME= 94298,
0s TIHE= Qlr732.
03 TINE= 121201,
04 TINE= 94(%6.
04 TIME= 97070.
04 TINE= 87045,
05 TINE= €5105.
04 TINE= 08099,
0% Tine= 100841,
03 TiME= 9c052.
(] TINE= 93431,
03 TINE= 168357,
04 TIME= eC097.
04 TIME= 92099.
05 TINE= 24790,
04 TINE= 94599.
[ ) TIME= 103994,
05 TINE= e5761.
0S TINE= 115159,
03 TIHE= 137308.
05 TINE= 94322,
0s TINE= 103457,
04 TINE= as2l9.,
5 TIME= 7087,
04 TIME= €8599.
04 TINE= 93098.
04 TIME= 83157.
05 TINE= 114191,
04 TINE= 103314,
07 TINE= 95759,
04 TINE= 119437,
04 TINE= 101496,
[+ TIHE= 107383,
04 TINE= Q5070.
0S TINE= S48l

04 TINE= 99150,
04 TINE= 120509,
03 TIME= 91775.
04 TIHE= 118945,
04 TINE= 100268.
05 TINE= 65762.

67

NLOC=
HLOC=
NLOC=
HLOC=
HLOC=
HLOC=
HLOC=
tLoc=
HLOC=
HLOC=
HLOC=
NLOC=
HtoC=
HLOC=
HLOC=
HLOC=
HLOC=
HLCC=
HLOC=
HLOC=
HLOC=
HLOC=
HLOC=
HLOC=
HLOC=
HLOC=
HLOoC=
HLOC=
HLOC=
HLoC=
HLOC=
HLCC=
NLOC=
HLOC=
HLOC=
HLOC=
NLOC=
HLOC=
NLOC=
HLOC=
HLoC=
HLOC=
HLOC=
HLOC=
titoc=
nwocs=
HLOC=
HLOC=
HLQC=
HLOC=
HLOC=
HLOC=
HLOC=
HLoC=
HLOC=
HLOC=
NLOC=
HLOC=
HLOC=
HLOC=
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NWC TP 6305
Table 5 (Contd.)
R= 29 DHG= 0.82252E-07 TIME=  95759. NLOC= 2 NCAP=
IRz 292 pHG= 0.73352E-064 TIMES  97270. NLOC= 4 NCAP= 27
IR= 293 DHG= 0.16665E-04 VINES  92410. HLOCS 4 HCAP: 6
IR= 294 DH3= 0.761STE-0% TINE=  108103. NLOC= 4 NCAP= 28
IR= 295 DMG= 0.43196E-03 TINE=  129334. NLOC= 2 NCAPz 159
IR= 296 OHG= 0.81565E-05 TIHE= 103102. NLOC= 6 NCAP= 3
IR= 297 DHMG= 0.73516E-04 TINE= 94328, NLOC= 4 HNCAP= 4
IR= 293 DHG= 0.11031E-0% TINE= 920+43. NLOC= 3 NCAP:= 4
IR= 299 DHG= 0.35+82E-0% TINE= 103012. NLOC= 5 HCAP= 13
1P= 300 DHS= 0.84333€-049 TIME= 103957. HLOC= 4 HNCAP:= 31
1Pz 301 OHS= 0.453C6E-04 TINE= 103915. HNLOC= 5 HNCAP= 16
P= 302 M5 0.11031€-049 TItE= 103933, HNLOC= 4 HNCAP= 4
IR= 303 Di:G= 0.C2582CE-09 TINC= 89574. HLOC= 4 HNCAP:= 0
IR:= 304% Dt!G= 0.3004%9E-049 TItE= 102935. HLOC= 4 MNCAP= LR
IP= 305 Cnz= 0.83150£-05 TIMNE= 132001, HNLOC= 5 NCAP= 3
18 305 O35z 0.00283€~05 TIHE= 101970. #HLOC= 5 HNCAP= 0
I8= 307 115 0.16365E-04 TINE= 100318. NLOC= 4 HNCAP= (-3
Ir= 308 0i'G= 0.1020-+E~03 TINE= 99235, NtLOC= 5 HNCAP:= 19
Ic: 309 Di'5= 0.59333E-G TIHE= 103871, NLCZ= 4 HKCAP= 22
IRz 310 ONG= 0.92375E-0% TIHE= 101216, HLOC= 5 HNCAP= 34
1P= n D5z 0.13566E~04 TINE= Q94987. HLOC= 4  NCAP= 5
1p= 312 DMG= 0.191682E-~04 TINE= 100190. HLOC= 5 NCAP= 7
I»= 313 DM53= 0.13748€-0% TIME= 101126. HLOC= 6 HNHCAP= 5
Ir= 314 prG= 0.45326E~05 TINE= 95345. WNLOC= 6 NCap:= 1
IRz 315 D5 0.15765E-03 TItHE= 9C675. HLOC= 4 HCAP= 58
IR= 316 5= 0.30895E-04 TIME= 93a31. HNLOC= 5 HCAP= 10
IRz 317 OM5= 0.C79%0E-05 TItiE= 104545. HLOC= 3 NCAP= 1
Ir=  3t8 Dt:'5= 0.55160E-05 TIME= 88904. HNLOC= I HCaP= 2
IR= 319 Dr:5= 0.97803E-04 TIME= 93157. HNLOC= 6 NCAP= 36
IR= 320 BH5= 0.403632E-04 TINE= 93034. NLOC= 4 HNCAP= 16
1 19 329 DSz 0.28950E-05 TIMES 105993, NLOC= 4 HCAP= 1
IR= 322 DHG= 0.83147E-05 TINE=  95066. NLOCS 4 NCAP= 3
I1fr= 323 OHG= 0.27990E-05 TINE= 95761. HLOC= 2 HCAP= 1
IRz  3C4 OrG= 0.27332E-04 TIME= 93194. HN(LOC= 4 NCAP= to
IP= 305 0r5s 0.13584E-09 Tine= 93326. HNLOC= 4 HNCAP= 5
IR= 326 Bti3= 0.13524E-04 TIHE= 293630, HNLOC= 4 MCAP= 5
1Pz 327 D1i5= 0.16465E-04 TINE= 103246, HNLOC= 4 HNCaAP= 6
IF= 38 DiG= 0.194560E-05 TINE= 931536, NLOC= 5 HMNCAP= 0
IP= 329 M5 0.27332€E-0% TIME= 103949, HLQC= 4  NCAP= 10
IR= 330 pHS= 0..3111E-05 TIing= 99771. HNLOC= S HNCap= 1
Ip= 331 ONG= 0.10172E-04 TINg= 93126. HLOC= 5 MCApP= 3
IR= 332 DM3= 0.29884E-04 TINE=: 91523, HNLOC= 4@ HNCep= 11
IpP= 333 D15z 0.07990E-05 TIME= 95761. HILOC= 2 HCAP=z 1
IP= 334 D11G= 0.63147E-05 TINE= 95547, HNLOC= 4 NCAP= 3
IR= 335 D15= 0.55920E-05 TINE= 118285, HiICC= & NCAP: 4
IRz 336 DH5= 0.82252E-07 TINE= 95759. HNLOC= 2 NCAPpP= 0
1I£F= 337 ONG= 0.11031E-0-. TINE= 94590, HLOC= 4 NCAP= 4
IR= 338 OhG= 0. 78791E-04 TINE= 9473, HLOC= 3 NCAP:= 29
=1F= 339 O11G= 0.63060E-03 TINE= 91594, HN1CC= 4 NCAP= 0
IR= 340 DIG= 0.10949E-04% TINE= 90600. HNLOC= 3 NCAP= [
IR= 341 DG 0.19832E-03 TINE= €3169. NLOC= 5 NCAP:= 73
Ie=z 342 DH5G= 0.28812E-05 TINE= 120203, HNLOC= 5 HCAP:= 1
IR 343 onG= 0.82252€-07 TINES 87871, NLOC= 3 HCAP= 0
1Pz 344 DIG= 0.13748E-04 TINE= 103039, HNLOC= 4  HCAP= 13
IR= 345 DHG= 0.7C644E-04 TIME=  1S1824. HLOCS 2 NCAP: 26
IRz 346 DM53= 0.16300E-04 TINE= 90943, MHlOC= @ HNCAP:= [
1:19' 347 0t1G= 0.19462E-05 TINE= 89951, NLOC= 4 MNCAP= [/
IR= 348 DHS= 0.CES1CE-05 TInE= 147726, HNLOC= G NCAP= 1
IR: 349 DMG= 0.95176E-0% TINE= 104318, NLOC: 5 NCAP: 3is
IRz 350 OMG= 0.76074E-04 TIME= 89679. NLOC= 5 TATE he
i 68
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Table 5 (Contd.)

IR=
IR=
IR=
IR=
IR=
IR=

“1R=
IR=
IR=

38%

DHG=
ONG=
oNnG=
oNG=
DIiG=
onG=
oMG=

0.16465E-04 TIME= 109701,
0.74617E-05 TINE= 147364,
0.19182E-04 TINE= 93092.
0.55980E-05 TIHE= 95065.
0.28050€E-05 VINE= 85632,
0.24842€E-07 TIME= 97487,
0.27228E-05 TINE= 1063,
0.3548CE-09 TINE= 100344,
0.55150E-03 TINE= 147195,
0.36133E-03 TIME= 96314.
0.15465E-03 TInE= 808230,
0.46454E-03 TINE= 150962,
0.10373€-04 TINE= 106055,
.27993E-05 TINE= 96148,
= 0.27332€-04 TINE= 91729,
= 0.C1698E-04 TINE= 113200,
0.83147€E-05 TINE= Q3085.
0.11031E-0% TIME= 95068.
0.55153€-05 Ting= 93140.
0.41427E-03 TINE= 95332,
0.24615E-04% TINE= 95077.
0.19182E-04 TINg= 103944,
0.55982E-05 TIng= 124792,
0.19¥1CE-0% TINE= 124329,
0.19460£-05 TINE= Q3536.
0.83147E-05 TINE= §5066.
0.55950E-05 TINE= 95760,
0.1169SE-03 TINE= 103768,
0.279S0E-05 TINE= 91708.
0.16333E-C4 TINE= 90604,
0.24539E-04 TINE= 11397S.
0.10326E-03 TINE= 90056,
0.15758€-03 TINE= 89908.
0.10603E-03 TIME= 98349.
0.48933E~04 TINE= 146933,
0.29635E-05 TINE= 115179,
0.16450E-06 TIHE= 96131,
0.416850€-04 TINE= eE3E8.
0.951c6E-04 TIhE= 106399,
0.285873E-05 TINE= 100674,
= 0.83147E-05 TIME= 21508,
0.29615E-04 TINE= 103948,
0.88301€E-07 TINE= 87993.
0.16455E-04 TINE= 145754,
0.5¢6802E-05 TINE= 120505,
0.40915€E-04 TIME= 103958,
0.26111E-05 TINE= 101983,
0.8225CE6-07 TIME= 85759,
0.57057€-04 TINE=S 93586.
0.60483£-08 TINE= 108021,
0.11960E-04 TIME= §5665.
0.55980£-05 TINE= 950¢5.
0.16465E-04 TINE= 93495,
0.82325€E-05 TINE= 93461,
0.73617E-05 TINE= 113425,
0.10333E-03 TINE= 94194.
0.C27056E-04 TINES 115175,
0.461E85€E-04 TINE= 90622,
0.70717E-04 TINE= 103345,
0.28812€-05 TINE= 92037.
69
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NWC TP 6305
Table 5 (Contd.)

1P=
IR=

a1t
412
413
414
415
416
417
418
419
420
421
422
423
424

G426
427
€28

%33

445
496
G447
448
449
u50
+51

452
453
454
455
456
457
458
459
460
461

“62
463
46%
465
466
467
468
469
470

OMG= 0.82252E-07 TIME= 95759.
DNG= 0.10060E-03 TINE= 135488,
DMG= 0.16450E-06 TINE= 137277.
DHG= 0.19182E-0% TINE= 94¢69.
OKG= 0.73755E-05 TIME= 83303.
05z 0.26818E-05 TINE= 97907.
DHG= 0.14570E-03 . TINE= 93665.
D132 0.11952E-03 TIHE= 92906.
OMG= 0.54417E-0% TINE= 93742.
DrG= 0.55926€-05 TINME= 994850.
OMG= 0.81818E-05 TIME= 92258.
OnG= 0.17055E-06 TINE= 112958.
DMG= 0.6225C2€E-07 TIHE= 95759.
DHG= 0.55530£-05 TIME= 104066.
0115 0.32601€-04% TINE= 1464790,
DHG= 0.16450E-06 TIME= 113312,
DNG= 0.74621E-05 TINE= 80023.
DHG= 0.35324E-0% TIME= 136763.
DHG= 0.22829E-03 TINE= 105215,
DM3= 0.27169E-05 TIME= 1173828,
D1G= 0.82050€E-07 TINE= 95759.
DHG= 0.27256E-04 TIHE= 97747.
DN5= 0.13835E-04 TINE= 116677,
DHG= 0.4033GE-04 TIME= °0310.
DIi3= 0.20664E-03 TIHE= 120303,
DHG= 0.60458E-08 TIME= 142180.
DH5= 0.16450E-06 TINE= 94742,
DMG= 0.11427E-03 TINE= 114506,
DHG= 0.83970E-05 TINME= 118930,
Or5= 0.10178E-04 Tine= 95107.
DHG= 0.21734E-09 TIME= 103356,
ON3= 0.16465€-04 TIHE= 110810.
Dli5= 0.65284E-04 TINE= 116409.
DMG= 0.27174E-04 TINE= 1341450,
DHG= 0.65214E-09 TIiNE= 88703.
DM5= 0.83147E-05 TIHE= 94748,
D152 0.67918€-04% TINE= 93675.
ONG= 0.40833E-04 TINE= 95654%.
DHG= 0.15460E-04 TItE= 100578,
Di5= 0.623C€E-05 Tines 96152,
DGz 0.16971E-0% TIine= 90834%.
DHG= 0.55160E-05 TINE= 99351,
DHG= 0.10949E-0% TINE= 90484.
DHG= 0.46355E-049 TINE= 106699.
DNG= 0.10332€-03 TINE= 99858.
DNG= 0.57216E-0% TINE= 105683,
DMG= 0.67155E-10 TINE= 111808,
DHG= 0.32199E-06 TINE= 103492,
DMG= 0.21740€E-04 TINE= 100911,
DMG= 0.8225lE-07 TINE= 95759.
DtiG= 0.43772E-03 TINE= 90976.
OHG= 0.27175€-05 TINE= 106341,
BNG= 0. 19099E-04 TIME= 97738.
oMG= 0.912813€-04 TIME= 88307.
OMG2 0.97967E-04 TINE= 113012,
OMG= 9.11031E-04 TINE= 93491,
DGz 0.13830E-04 TINE= 120192,
OMG= 0.20104€E-03 TINE= 129100,
DHG= 0.13672€-0% TIME= 103841 .
OMG= 0.28812€-05 TINE= 94585.
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NWC TP 6305
Table 5 (Contd.)
IR= 47 DMG= 0.83970E-05 TIME= 117845, NLOC= § NCAP= "
IRs 472 DMG= 0.2189%¢E-04 TINE= 94757. NLOC= 4 HCAP= 8
IR= 473 DKG= 0.28812E-05 TIME= 93486. NLOC= 4 NCAP:= ]
IR 474 DMG= 0.,36455E-04 TIME= 115824, HLOC= S HCAP= [
IR= 475 DHG= 0.29635E-05 TINE= 115295. NLOC= 5 HNCAP= 1
IR 476 DHG= 0.83147E~-05 TINE= 103937. NLOC= @ HNCAP= 3
IR 477 D!G= 0.40915E-04 TINE= 103480. NLOC= & WHCAP= 15
IR=: 478 DH5= 0.4C615E-04% TIMNE= 90280. HNLOC= 3 HCAP:= 15
IR= 479 DtG= 0.83147E-0S TINE= 113318. NLOC= 4 HCAP= 3
IR= 460 DHG=s 0.549499E~-0% TINME= 109321, NLOC= 5 NCAP= 20
IR= 431 DHG= 0.0 TINE= £8493. HNLOC= 1t NCAP= 0
IRz 482 DH3= 0,.23898E-09 TINE= 93499. HNLOC= 4 HCAP= 8
IR= 483 D1i5= 0.21045E-0% TINE= 100873, HLOC= 4 HCAP= 7
IR= 484 DGz 0.10060E-03 TIME= 96936. HLOC= 5 HNCAP= 37
IRz 4f% OtiG= 0.40833E-04 TINE= 95652, HLOC= 5 HNCAP= 15
IR= 46 Di'G= 0.54398E-05 TINE= 91901. HLOC= 5 NCAP= 2
IR= 487 DiG= 0.13743E-04 TIME= 121787, HLOC= 5 MNCAP= S i
IR 4¢3 0iG= 0.815906-04 TIME= 96990. NLOC= 6 MHNCAP= 30
IP= 459 D}G= 0.11031E-04 TINE= Q3491. HNLOC= 4 HCAP= 4 ?
IR 490 DMG= 0.10068E-03 TIME= 120536. HLOC= 7 HNCAP= 37 i
IP= 49 D1iG= 0.1017SE-04 TIinE= 95107. HLOC= 4 HCAP= 3 ;
Rz 492 O1iG= 0.13049E-03 TINE= S$3193. HLOC= 4 MNCAP= 48 2
IRT 493 DI5= 0.19105E-04 TIME= 106834%. HLOC= 6 NCAP:z 7
IP=  49% DHG= 0.10°4CE-04 TIME= 90484, HLOC= 3 tCAP= [
IR= 465 Oti5= 0.19182E-04 TIME= 103934. HLOC= 4  HCAP= 7
IR 496 DHG= 0.120C2E-07 TINE= 114435, HNLOC= S HCAP= [}]
IRz 497 OHG= 0.70717E-04 TINE= 100160. HLOC= 4  HNCAP= 26
IR= 498 6= 0.54499E-04 TIME= 105073. HNLOC= § HNCAP= <0
IR: 499 DHG= 0.16465E-0% TIME= 93565. HLOC= 4 HNCAP= [
IRz 500 DiG= 0.10060E-03 TINE=S 102142, HLOC= 5 MNCAP= 37
IP= S01 DH5= 0.43556E-04 TINE= 99817. MHNLOC= 6 NCAP= 16
IR= 502 DMG= 0.33749E-04 TIME= 99418. NLOC= 4 HNCAP:= 5
IR= 503 DHG= 0.16457E-06 TIHE= 858453, NLOC= 4 NHCAP:= 0
IR= 504 DMG= 0.62579E-04 TINE= 101082, NLOC= 5 HNCAP= 23
IR= 505 DHG= 0.25537E-03 TINE= 165122, HNiOC= 3 NCAP= 9%
IRz S0% DMG= 0.46197E-04 TItE= 94026. HLOC= 7 NKCAP= 17
IR= 507 [H13= 0,12825E-04 TINE= 108818. HNLOCC= 6 HCAP= ]
IR= 508 D15 0.27991E-05 TINE= 101849. HLOC= 4 HNCap= 1
1Pz 5§99 OH3s 0.83147E-05 TINE= 2404, HNLOC= 4 NCAP= 3
IRz 510 DHG= 0.11652€-03 TINE= 148002. NLOC= S HNCAP= a4
IP= 519 CHG= 0.46627E-05 TIME= 93538. HLOC= & HNCAP= ]
IR= 512 DHG= 0.55°30E-0S TINE= 87732. HNLOC= 4 MNCAP= 2
1Pz 513 oG 0.80252€-07 TIHNE= 05759. HLOC= 2 HCAP:= 0
IRz 514 DHG= 0.18203E-03 TINE= 99427. HLOC= 9 HNCAP= 67
IRz 515 OtiG= 0.65201E-04 TINE= 118105, HLOC= 7 MNCAP= 264
IRz 516 DiG= 0.11031E-0% TIMNE= 103933, HLOC= 4 NCAP= Y
IP: 517 PH5= 0.48907E-04 TINE= 11€292. NLOC= 6 NCAP= 18
Ik= 518 DG 0.237626-04 TIME= 103°00. NLOC= 5 NCAPs= 8
- IR= 519 DiG= 0.60486E-08 TINE= 105554. NLOC= "8  NCAP= 0
IRs 6520 ONG= 0.35342E-04 TIME= 92110. NLOC= 8 HCAP= 13
IRz 82% DI:S5= 0.76151E-04 TINE= 93:81. HLOC= 3 NCAP= Q
IRz $22 DISG= 0.35482E-04 TIME= 95085. NLOC= . 4 NCAP:= 13
IRz 523 OMG= 0.83147E-0S TIME= 101955, NLOC= S NCAP= 3
IR 824 DMS= 0.90375€E-04 TIME= 905283, HNLOC= 7 NCAP= 34
IR S5 ONG= 0.42779E-04 TINE= 106303, NLOC= 4 NCAP: 15
IRs o6 DHG= 0.55160E-05 TINE= 99351. HLOC= 3 IKAP: 2
:IR: 527 DIG= 0.13740E-04 TINE= 957¢S5. HNLOC= 4 MCAP:z s
IR: 628 DHG= 0.55157E~05 TINE= 5762, HNLOC= 2 NCAP:z 2
IR=: 529 DMG= 0.07991E-05 TINE= 90795, HLOC= 4 NCAP: 1
IR= 530 DHG= 0.152270€E-03 TIME= 88834. HLOC= 4 NCAP= 56
71
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Table 5 (Contd.)
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.12901E-04 TIME= 109623,
.4D833E-04 TINE= 133619.
L12692E-03 TINE= 88063.
LCY537E-0% TINE= 94626.
.T0636E-04 TINE= 88508,
.13748E-04 TinE= 95070.
.E3970€E-0S TInE= 120188.
.6506SE-05 TIME= 114870,
.Ct1835E-0% TINE= 101892,
.40915€E-04 TINE= 109239.
L2831CE-05 TINE= 98320.
.32530€-09 TINE= 90097.
.35330E-0% TINE= 91257.
.82252E-07 TINE= 95759.
.C7355€E-05 TINE= 91754,
.55630€-05 TINE= 95065.
14671E-03 TINE= 93198,
L62405E-09 TINE= 116383,
L1738CE-03 Ting= 93753.
.47577E-05 TIME= Sow06.
.23905E-03 TINE= 162995.
.55930€-05 TIME= a5759.
.5445~E-05 TIRE= 85563,
.5537€-03 TIME= 130943,
.55157€-05 TINME= 109739.
.43633E-09 TINE= 112832.
L16401E-04 TINE= 1054491,
LG8SD1E-0S TIME= 100557.
.16547E-049 TINE= 120512,
.1¢465E-0% TINE= 92410.
.618C21E-08 TINE= 116670,
L4634°E-04 TINE= 104774,
L70641E-0% TINE= 95782,
.43632€-04 TIRE= 9611,
.8C2C250€E-07 TINE= 117591,
.EI052€-07 TIhE= 122600,
.38034€-04 TIhE= |3518.

.55°30€-05 TINE= 91122,
.23352E-03 TIihE= Q2193.
.57140E~04 TIhE= 119,03,
.C0CH3E-04 TINE= 934%0.
.555°30E-05 TINE= 95065.
-10503£-03 TInE= 90830.
LJ1S99E-04 TINE= 99901,
10197€E-0% TInE= 105291,
.8Z25E-07 TINE= 93631,
L2V9J1E-04 TINE: 121211,
0 TIinE= 100600,
19439¢-03 TitE= 123601,
.B2509€-07 TINE= 87693,
. 39199€-04 TINE= e3608.
.29596€-04 TIHE= 1056075,
. 1359E-09 TIME= 9830%.
.83147E-05 TIME= 1Hizan,
.54499E-04 TINE= 95097.
.60482€-03 TINE= 1642180.
L18214E-03 TIME= 119999,
L19182€-06 TIME= 94595,
10324E-03 TIME= 106337,

.19051E-0% TINE= 100334, -

NLOC=
NLOC=
NLOC=
NLOC=
NLOC=
NLOC=
HLoc=
HLOC=
NLOC=
NLOC=
HLOC=
NLOC=
NLOC=
HLOC=
NLOC=
HLOC=
NLOC=
NLOC=
NLOC=
HLOC=
NLOC=
NLOC=
HLoC=
HLOC =
HLOC=
HLOC=
HLOC=
HLOC=
HLOC=

HLOC=
HLOC=
NLOC=
NLOC=
NLOC=
Hoc=
NLOC=
HLOC=
NLOC=
HLOC=
NLOC=
HLOC=
HLOC=
NLOC=

VHAVWSLEOOANSEVNOOVUWMEC L PV UWEDENWELLVMPAVLVNWERSLAL,NOC =g INOSTIOONIRIDIVECOS

NCAP=
NCAP=
NCAP=
NCAP=
NCAP=
NCAP=
NCAP=
NCAP=
NCAP=
NCaAP=
NCAP=
NCAP=
NCAP=
HCAP=
NCAP=
HCAP=
NCAPR=
HCAP=
HCAP=
HCAP=
HCAP=
HCAP=
NCAP=
MCAP=
HCAP=
HCAPS
HCAP=
HCAP=
NCAP=

NCAP=
HCAP=
HCAP=
HCAP=
NCAP=
NCAP=
HCAP=
HCAP=
tHCaAP=
NCAP=
NZ&P=
HCAP=
HiCAP:
HCAP=
NCAP=
NCAP=
HCAP=
HCAP=
NCAP=
MCAP=
NCAP=
NCAP3
NCAP:
HCAP=
NCAP=
NCAPz
NCAP=z
NCAP=
NCAP=
NCAP=
MCAP=

72

~n D -
coorwn.

-
Pt QPO =D~ N

onNwn
& v o

>
@ =

r

e

o
+

- -
ococoooron

&
COVWN=L2LO*OPOWDOrN

wt o
BN~



PR e e
NWC TP 6305
Table 5 (Contd.)
IR= 59 DMG= 0.16471E-04 TIME= 112534, NLOC= S NCAP= v
IRz 592 DMG= 0.32766E-04 TIHE= 118159. NLOC= & NCAP=z 12
IR= 593 DIiG= 0.48933E-0¢ TIE= 93236. HNLOC: S§ NCAP= 18
IR= 594 DtG= 0.16401E-04 TIME= t11664. NLOC= 6 NCAP= 6
IR= 595 DNG= 0.13746E-04 TINE= 02564. NLOC= @ HCAP= 5
IR= 596 DHG= 0.82511E-07 TINE= 130304. NLOC= 4 NCAP= 0
IR= 697 DItG= 0.24451€-03 TINE= 116504, HLOC= 1 NCAP= 90
IRz 65°8 DIG= 0.21740E-09 TINE= Q95670. NLOC= G  HCAP= 8
IR 599 DHG= 0.4083%E-04 TINE= 94776. HLOC= G NCAp= 15
IR= 600 0OnG= 0.27228€E-0S TINE= 91063, HLOC= 4 HNCAP= 1
IR= 601 DMG= 0.16465E-04 TItE= 1035942, HLOC= 4 HNCAP= [
IR= €02 DHG= 0.1374EE-04 TInE= 9592, NKLOC= 5 NCAP= 5
IR= 603 DH3= 0.27256E-04 TINE= 97717. HNLOC= 5 HCAP= 10
IR= 604 DHG= 0.83147E-05 TIHE= 893280. HLOC= 4  HCAP= 3
1Pz 605 HG= 0.12977E-0% TINE= 120599, MNLOC= 5 HNHCAP= [
IR= 606 NGz 0.10905E-04 TIME= 87783, NLOC= 4 HNCAP= 4
IR 607 DpHG= 0.82252€E-07 TINE= 125504, HLOC= 2 HNCap= Q0
IR= €08 DHG= 0.61160E-08 TINE= 104047. HNLOC= 4 HNCap:= ]
IR= 609 015 0.218C%CE-04 TInE= 93757, HLOC= 4 VNCAP= 8
IR 610 DH3= 0.54337E-05 TINE= 10£233, MNLOC= 2 HNCAP= 2
IR= 611 DHMG= 0.13590E-0% TIHE= 101035, HLOC= 6 HCAP= S
IR= 612 DMG= 0.13322€E-03 TINE= 104415, HLOC= 6 WCAP= 49
IRz o013 DHG= 0.2359SE-04 TIME= 102472, HNLCC= 4 NCAFP= )
IR 614 DM3= 0.22751E-04 TINE= 95930. HLOC= 6 NCAP:= 7
IR= 615 DNG= 0.43533E-04 TINE= 91045. HLOC= 4 HNCAp= 16
IR= 616 DHG= 0.62579E-04 TItE= 114366, HLOC= 6 NCAp= 23
0= 617 OH3= 0.20615€-0% TINE= 94614, MNLOC= 4 Nlap:= 9
IR 618 Dr5= 0.81503E-05 TINE= 5171, HNLOC= 4 KCAP= 3
IR= 619 D5z 0.24615€E-0% TINE= 116020, HLOC= 3 HCAP= 9
IR= €20 O!G= 0.45805E-05 TIHES 92827, HLCC= 6 HNCAP= 1
IR= €21 016 0.53337E-05 TINE= 97495. HNLOC= 5 HCap= 2
IP= ¢22 OH3= 0.15530E-04 TINE= 87335, HLOC= 4 MCAP= 5
IR 6.3 DMG= 0.72976E-05 TINE: 104264. NLOC= 5 CAP= 2
IR= 624 OMG= 0.82252E-07 TINE= 95759. MNLOC= 2 HNCap= ]
IR= 65 PS5z 0.16383E-0% TINE= 102336, HLOC= 4 MNCAP:= 6
IR= 626 DG 0.11663E-03 TINE= 115701, HNLeC= 6 CAP= 43
IR= 627 D5z 0.19105€E-04 TInE= 100652. HLOC= 5 MNCaAp= 7
IR= o088 Obi3= 0.187¢2€-03 TINE= 100945, HLOC= 4 HCAP= 69
IR 629 DHG= 0.82252E-07 TINE= 95759, HNLOC= 2 NRCap=z 0
IR 630 D1i5= 0.0 TIHE= S0l40., HNLOC= 2 HNCAP= Q
IR 63% DM3= 0.27228E-05 TINE= Q2205. HLOC= 4 NCAp= 1
Ir= 632 DNG= 0.279<0E-05 TINE= 87873. NLOC= 3 NCaP= 1
Irs 633 DNG3= 0.40763E-04 TINE= 92410, HLOC= S HNCAP= 15
IR 634 DH3= 0.16465E-04 TIME= Qot141. HLCC= 3  HNCAP= 6
IR= 635 ONG= 0.73352E-04 TInE= 130367, HLOC= 2 HCAP= 2?7
IR= 636 DMG= 0.82327E-05 TINE= 105112. HNLOC= 3 HCAP= - 3
IR 637 OGS 0.32765E-04 TINE= 93972, HLOC= 4 HNCAP= t2
IRz 638 OMG= 0.19182E-04 TINE= 138267, NLOC= 4 NCAP:= 7
IRz ¢&39 MIG: 0.62567E-04 TINE= 99383, NLOC= 3 HCAP:= 23
IR= 440 DGz 0. 10999€-04 TINE= 1097+3. HNLOC= 3 NCAP: L}
IR 648 DHG= 0.295635€-05 TInE= 116927, NLOC= S HNCAPs L
IR= 642 OMG= 0.29972€-04 TINES 100334, HLOCE 5 NCAPE At
IR= 643 ONG= 0.11693€-03 TINE= e2113. HLOC= 3 NCAP= 43
IR= 644 DMG= 0.32601E-04 TINE= 116363, HHLOC= ! HCAP= [} 4
IR: 648 OHG= 0.55S50E-05 TINE= 934556, HNLOC= 5 HNCAP= 2
IRz 64é D1i5= 0.55158E-05 TINE= 102329, HtOC= & NCAP= 2
:IR= (X4 D52 0.19105€E-04 TItE= 112136, HLOC:= 6 HCAP= ?
IR= 648 DHG= 0.13666E-04 TIME= 993%7. HLOC= 3 HNCAP= 1
IRz 649 DG 0.909%SE-04 TIME= 93,15, HLOC= 6 NCAP= 35
IR= ¢50 O15= 0.21746E-04 TIME= 111552, HLOC= 6 HNCAP= 8




NWC TP 6305
Table 5 (Cc )

IRz 651 DMG= 0.83147E-05 TIME= 1221.. NLOC= 4@ NCAP=
IR= 652 DMG= 0.278174E-04 TIME= 115047. NLOC= 6 HNCAP=
IR: 653 DMG= 0.45805E-05 TIHE= 92827. NLOC= 6 NCAP:
IR= 65% DMG= 0.55980E-05 TIME= 89356. NLOC= 4 NCAP=
IR= 655 DNG= 0.97602E-04 TINE= 113609. NLOC= 6 NCAP=
IR= 656 DMG= 0.11114E-04 TINE= 119021, NLOC= S NCAP=
IR= 657 DMG= 0.27173E-04 TINE= 137914. NLOC= 5 NCAP=
IR= £58 DIMG= 0.19182E-04 TIHE= 103%44. NLOC= 4 HNCAP=
IR= 659 DHG= 0.54583E-05 TIME= 90429. HLOC= 5 NCAF=
IR= 660 DMG= 0.20°63E-0% TIHE= 99486. HNtoC= 4 NCAP=
IRz 661 DH53= 0.64503E-05 TINE= 93203. HLOC= § HCAP=
IR= 662 DH:5= 0.C8S12E-05 TINE= 92401. HLOC= 4  NCAP=
IR= 663 DHG= 0.43474E-04 TINE= 89775. NLOC= S NCAP:=
IRz 664 D}G= 0.60458E-08 TIME= 938493. NLOC= 4 HCAP=
IR: 655 DHG= 0.33554E-04 TINE= 89755. NLOC= 5 NCaP:
IR=  ebo DiiG= 0.23762E-04 TINE= 95116. HNLOC= 4 HCAP=
IP= 67 PHG= 0. 1916JE-0% TIME= 99899. NtLCC= 4 NCAP=
IR= 6638 DMG= 0.55930E-05 TIMNE= 113316. HLOC= 4 NCapP:=
IR= 669 Dr5= 0.12813E-04 TINE= 94363, HLOC= 5 HCap=
IR 670 5= 0.35475E-04 TINE= 106017. NLOC= 6 HMNCAP=
IRz o7 D153= 0.2%535E-05 TINE= 120185, HLOC= 5 NCAP=
IRz 672 Ci15= 0.35324E-04 TIRE= 100783. NLOC= S HNCAP=
IR= 673 DM3= 0.33199€E-04 TINE= 95086, HLOC= 4 HNCAP=
19z 674 Ct!3= 0.55530E-0S TINE= 147250. HNLOC= 4 HCaAp=
IR 675 DHG= 0.46197E-04 TIME= 105719. NLOC= 6 NCAP=
IPz 676 DHG= 0.19182€-04 TIHE= 95074. NLOC= 4 NCAP=
R= 677 DG 0.561505E-05 TINE= 111555, HNLOC= 4 NCap=
IR 678 DHG= 0.19182E-04 TIHE= 88761, NLOC= & NCAP=
IR= 679 DM5G= 0.26818E-05 TIME= 88356, NLOC= 4 NCAP=
IR= 6680 DMG= 0.C2S5J12E-0S TINE= 103933, NLOC= 4 NCAP=
IR= 681 OMNG= 0.53157E-0S TIME= 104228, NLOC= 3 NCAP=
IR= 682 DG= 0.16965E-0% TINE= 113756. NLOC= 4 NCAP=
IR: 683 ors: 0.83368E-07 TINE= 102452, HNLOC= 4 MNCAP=
iRz 684 DGz 0.29757E-04 TINE= 993%7. HLOC= 3 MNCap=
IR=  ¢€°5 DH5= 0.83147€E-05 TINE= 113317, NLeCs 4 NCAP=
IRz 605 DMG= 0.154<0E-05 TINE= 93536. HNLOC= 5 HCAP=
IR= 687 D1i5= 0.62049E-0% TIME: 109254, NLOC= 4 NCap=
IP: ¢28 D!15= 0.40915€-04 TINE= 103657, NLCC= 4 NCAP=
1Pz €89 D3z 0.6CS33E-04 TINE= 103325, HNLOC= 4 HNCAP=
1Pz 650 O!5= 6.1332FE-03 TINE= 133927. MNtoC= § HCap=
IRz &9 D13z 0.353C+E-04 TIHE: 99563. NtLoC= 6 HCAP=
IRz 692 MGs 0.27233E-05 TINE= 95722. NLOC= 5 NCAP=
IRz 693 DHG= 0.76233E-04 TINE= 115500. NLOC= 4 HCAP=
IR=  69% CliG= 0.27167E-06 TINE= 112043, NtoC= 4 NCAP=
IR 498 DM3= 0.32327E-05 TIME= 99353, NLOC= 3 NCAP=

0.1931E-04 TINE= 106546, NLOC= 8 MNCAP=

0.83147E-05 TINE= 95¢67. HLOC= 4 NCAP=

0.40333E-04 TINE= 102020. HLOC= S NCAP:=

0.38195E-04 TINE= 98528, NLOC= 4 NCAP=

0.73358€-0% TINE= 94449, NLOC= 5 HCAP=z

0.47450E-05 TIHE= 95103. NLOC= G NCAP:=

0.60+05E-0% YIHE= 88170. HLOC= 3 NCAP=

0.22005E-03 TINE= 100471. MNLOC= 6 NCAP:

0.74617E-05 TIME= 106279. NLOC= § NCAP:

0.82C52€E-07 TINE= 95759. NLOC= 2 NCAP:

0.65449E-0% TINE= 105975, NLOC= 6 NCAP=

0.11031E-04 TIME= 93491, HtoC= 4 NCAP=

0.6264%E-04 TINE= 93729. MNtOC= 5 HNCaAP=z

0.18793€-07 TINE= 94250. NtoOC= 6 NCAP=

0.10860€£-03 TInE= 93185, HLOC= 6 NTap-

W
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NWC TP 6305

Table 5 (Contd.)

IR=

IR=
1R
1R=
1P=

IR=
IR=

m

)
]

~ ~1
It
oW

-~

r

~

SIS SE SN SN
[MEVEVEPRVEEE SES]
C VN wi—-00m

~

LHS=

=0,

0.16465E-04
0.56040E-05
0.20963E-04
0.11031E-04
0.55566E-05
0.11147€-03
0.1367CE-04
0.17124E-03
0.19182E-04

= 0.27990£-05

0.11147E-03
0.16450€E-06
0.28111E-05

T 0.1918ZE-04

0.43550E-04
0.82252€-07
0.E4CC5E-04
0.10895E-0%
0.194%50E-05
0.78950E-0%
0.24533E-0%
0.2‘8165-04
0.25834E-03
0.55L|€E 05
0.11684E-03
0.27993E-~05
0.10173E-04
0.466C7E-05
0.89¢53E-04
0.29¢35£-0S

r.

= 0.12505E-03

0.74617€-05

= 0.43466E-04

0.19182€E-04
0.16333E-03
0.3303%E-04

= 0.049697E-04

0.22279E-03
0.60485€E-08

.23915E-03
0.3819%E-04
0.5c040E-05
0.83147E-05
0067E-04%
0.19440E-05
0.ZESI1CE-05
0.51700E-04
0.27952E-05
0.15612E-04
0.403335-04
0.55980£-05
0.55950E-05
0.82252€E-07
0.46307E-04
0.31912€-04
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0.54395£-05
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0.10S50E-04
0.16450E~06
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TIME=
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TIME=
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TIME=
TINE=
TIME=
TIME=
TIME=
TIME=
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TIME=
TIME=
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92166,
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NWC TP 6305

Table 5 (Contd.)

IR= 7N
IR 772
IR= 773
IRz 774
IR= 775
IR= 776
IR: 777
IR= 778
IRz 779
IRs 780
IR= 781
IR= 782
IR= 783
IR= 784
IR=  73%
IRz 784
IR= 787
Ir= 788
IRz 739
IR= 790
IR= 791
IR= 792
IR= 793
IP= 794
IR= 795
IR= 796
IRz 797
IR= 793
IRz 799
IR= 800
IR= 801
IR= 802
IR= 803
IR= 804
IRz €05
1Pz 806
IRz 607
IR= 808
IR= 879
IR= 810
Ir= 8114
Ir= 812
IR:= 813
IR= 814
IrR= 815
IR= 816
R= 817
Ip: 818
=1Ip= 819
IR= 820
IR= 821
IR= 822
IR= 823
IRz 824
IR= 825
IR= 806
IRz 817
IR= 828
IR= 82
IR= 830

0.82386E-05
0.13356E-03
0.27992E-05
0.40759E-03
0.35400€-04
0.27415E-05
0.16383E-04
0.55950E-05
0.47450E-05
0.02325E-05
0.28373E-05
0.24730E-03
0.18203E-03
0.32765E-04
0.30049€-04%

= 0.74617E-05
= 0.43632E-04%

0.15512E6-04
0.31508E-04

= 0.47450E-05

0.74617E-05
0.2933%E-04

= 0.15460E-05

0.55%50E-0S
0.19102€E-04
0.28900€-05
0.11031E-0%

= 0.97302E-04

0.83147E-05
0.81624E-05

= 0.83970€-05

0.24615E-0%
0.54396E-05
0.16301E-04

= 0.55950€E-05
= 0.17695E-04
= 0.56602E-05

0.15612E-04
0.82319€E-07
0.82252E-07
0.734349E-0%
0.54335E-04
0.24615E-0+
0.11333E-03
0.10855E-04
0.55157E-05
0.11140E-03
0.37275E-05
0.22014€-03
0.43632E-04

= 9.27991€-05

0.10949€-04
0.32765E-0%
0.14759€-04
0.28873E-05
0.9780E-04
0.14677E-04
0.11691€-03
0.19460E-05
0.20110E-09

TIME=
TINE=
TINE=
TINE=
TIME=
TIHE=
TIHE=
TIME=
TIME=
TINE=
TINE=
TINE=
TINE=
TINE=
TINE=
TINE=
TINE=
TIME=
TINE=
TIHE=
TINE=
TIHE=
TINE=
VIME=
FIHE=
TIHE=
TINE=
TINE=
TINE=
TINE=
TInE=
TINE=
TINE=
TINE=
TINE=
TINE=
TIME=
TINE=
TItiE=
TINE=
TINE:
TINE=
TINE=
TItie=
TINE=
TInE=
TIME=S
TiNES
TIHE=
TINE=
TIHE=
TINE=
TINE=
TINE=
TINE=
TIME=
TINE=
TINE=
TINE=
TIME=

102457.
181597.
95502.
150924,
95693.
94168.
93043.
95065.
129776.
92947.
113754,
104074,
110518.
100842.
1006+0.
121822,
103482.
95025.
91899.
89348.
95105.
111276.
100906.
103935.
9tat2.
104060.
90744.
105765.
118733,
100050.
120188.
106959.
96330.
100475,
92403.
94705,
114192,
104945,
91378.
95759.
89612.
90379,
93538.
95216.
123315,
131668.
10334,
117279,
168580,
107730.
146120,
99355.
92057.
94745.
121425,
101773,
106936.
102235,
93536.
96281,

NLOC=
NLOC=
NLOC=
NLOC=
NLOC=
NLOC=
NLOC=
NLOC=
NLOC=
NLCC=
HLCC=
NLOC=
NLOC=
NLOC=
HLOC=
HLOC=
NLOC=
NLOC=
HLOC=
NLCC=
NLOC=
HLCC=
HLOC=
HNLOC=
NLOC=
NLOC=
NLOC=
NLOC=
NLOC=
NLOC=
NLOC=
HLOC=
NLOC=
NLOC=
NLCC=
NLOC=
NLOC=
NLOC=
HLOC=
NLec=
NLOC=
HLOC=
HLOC=
NLCC=
NLOC=
NLOC=
NLOC=
NLOC=
NLOC=
NLOC=
NLOC=
NLOC=
NLOC=
NLOC=
NLOC=
HLOC=
NLOC=
NLOC=
NLOC=
NLOC=

4 NCAP= N
3  HNCAP= 51
3 NCAP= 1
2 NCAP= 150
3 MNCAP:= 13
5 NCAP= ]
4 NCAP= 6
4 NCAP= 2
5 HCAP= 1
4 MNCAP= 3
5 NCAP= 1
4 NCAP= 91
4 NCAP= 67
4 HCAP:= 12
4@ HCAP= 1"
S HCAP= 2
4 HNCAP= 16
S NCAP= 5
4 HNCAP= 30
4 HNCAP= ]
4 HCAP= 2
3 NCAP= 1
4 HCAP= 0
4 NCAP= 2
4 NCAP= 7
3 NCAP= 1
5 HCAP= [
6 NCAP= 36
4 HCAP= 3
6 NCAP= 3
5 NCAP= 3
5 HNCAP= 9
S NCAP= 2
3 NCAP= [
4 HCAP= 2
S NCAP= “
5 NCAP= 2
4 HCAP= 5
4  NCAP= 0
2 NCAp= 0
6 HCAP= 27
4 NCAP:= 20
S NCAP: 9
4 HNCAP:= at
5 NCAP= 4
3 NCAP= 2
7 NCAP= %1
6 HCAP= [
3 NCAP:= E 1)
5 HNCAP= 16
4 HCAP= ]
3 NCAP= “
3 HCAPs \14
S HCAP= 4
6 NCAP= ]
4 NCAp= 36
S5 NCAP: 3
& HCAP= 43
S NCAP: [}
5 NCAO= 5
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NWC TP 6305
Table 5 (Contd.)
IR= 83t DHG= 0.55980E-05 TIME= 103935. NLOC= 4 HNCAP= <
IRz 832 OMG= 0.92533E-04 TIHE= 115511, HMNLOC= 4 HCAP= 34
IR= 833 DMG= 0.32765E-04 TIME= 109712. HNtOC= 4 HNCAP= 12
IR= 834 OMG= 0.559380E-05 TINE= 94746. HLOC= @ HNCAP= 2
IR= 635 DHG= 0.27992E-05 TINRE= 99349, HLOC= 3 NCAP= 1
IP= 836 DrG= 0.37270E-04 TINE= 91300. HLOC= 5 NCAP= 13
IRz 837 DNG= 0.28312E-05 TINE= 95758. HLOC= 4 NCAP= 1
IR= &33 CHG= 0.70717E~0& TINE= 93,78, HIOC= 3 HNCAFP= 26
IR= 839 DGz 0. 2182C2E-04 TiE= ORESY.  HLOC= 6 HNCAP= 8
1IP= &40 Ci1G= 0.12555E-04 TIME= 103893, HLOC= 5 HCaP= “
IR 841 OH5= 0.28312E-05 TINE= 95043, HIOC= 4 HCAP= 1
IP= 842 DH3= 0.1023%GE-04 TINE= 138733, HtOC= 4  HCAP= G
IP= 843 DNG= 0.7297CE-05 TINE= 9839, HLOC= 5 NCap= 2
IRz 844 DH3= 0.78704E-04 TINE= 9’603, HLOC= 6 hCAP= 29
IR= 845 DiG= 0.€04C7E-08 TINE= &3523. HNIGC= 3 MCeP= 1]
I0= 846 M5 0.13745E-0% TINE= 100262, HLOC= 4  MCAP= 5
IR= 847 13= 0.3I057VE-03 Tihe= 1¢5160. HIOC= 3 NCAP= 118
R= 2848 115 0.5/051E-0% TIine= 11459y, HNLOC= S HNCAaP= 21
IFz 3849 5% 0.55272E-05 TInE= 118454, HNLOC= 6 NCap:= 2
k=850 DH5= 0.1076°E-03 TINE= t1éale. HLOCH 1 KCap= 47
IF=  £51% M52 0.11¢50E-04 TINE= &%2eY.  HLCC= 6 HNCAF= 3
Tz €52 D5z 0.2733LE-0% TINE= 103549, HLOC= G WCaps 10
17z £83 0ns= 0.0 TIHE= 16000, HLOC= 6 HCAP:= 0
IR= 864 L1G: 0.82513E-05 TINE= 114009, HKLOC= 8 NCAP= 3
IF= E55 Or'5= 0.55160£-05 TIME= Q4320. HLOC= 3 NCAP= 2
12z 856 Di5= 0.29113E-04 TINE= 89539, HLOC= 4 NCAP= 10
IR= €57 Cr3= 0.83147E-05 TINE= 94748, MNLOC= 4 WCAP= 3
IRz 858 Q5= 0.16353E-04 TIME= 18246, HLOC= 5 HNCaP= &
IR= 659 DGz 0.C759CE-05 TINE= 81902. HLOC= 3 HCAP= 1
IP= 660 DIG= 0.C4535E-04 TIME= 89317. HLOC= 4 NCaP= 9
IR= g« Di1G= 0.20263E-05 TIHE= &§3346, HLCC= 4 hCaps 0
PSR Ci1G= 0.74617€E-05 TINE= 115064, HLOC= 5- RCAP= 2
IR &e3 DHG= 0.20192E-04 TINE= 113791, HLOC= S HCAP= 6
IRz  ¢&649 DHG= 0.46190E-04 TINE= 98255, HLOC= 5 HNCaP= 17
IR= 845 D15= 0.70641E-04 TINE= 102345, NLOC= 4 HNCAP= 26
IR= 866 LG 0.1918CE-04 TINE= 113797, NlOC= & MNCAP= 7
IRz 867 Chi5= 0,38116E-04 TIne= 93063,  MLOC= 4  MNCAP= 14
IP= 868 CIG= 0.67941E-04 TIng= 105363, HLCC= 7 MHCAP= cs
iRz €69 DNG= 0.8CC0SCE-07 TIME= 95759, HLOC= 2 NCAP= 0
IR= 870 = 0.29535€-03 TINE= %1659, HLOC= 7 NCAP= 108
IR= 871 = 0.33&GTE-05 TINE= 95066, HLOC= 4 HCaP= 3
IR= 872 0.8205C0€-07 TINE= 95759. HLOC= 2 NCAP= 0
JR= 873 0.23902E-03 TIME= 134282. HLOC= 2 HNCAP= 88
IR= 874 0.27332E-04 TIME= 89471. HLOC= 4 NCAP= 10
IR= 875 0.27166E-05 TINE= 111809, HLOC= 3  NCAP= 1
IR= 876 0.83147E-05 TINE= 95066. HLOC= 4 NCAP= 3
iR= 877 0.19026E-03 TIHE= 90896. HLOC= 5 NCAP= 70
IRz 878 0.2467¢E-06 TINE= 118506, NHLOC= 5 HNCAP= (]
~IR= 879 0.10516E-03 TINE= 94127. NIOC= 4  HCAP= 38
Ir= €80 0.65208E-04 TIings 0863, HLOC= 6 HNCAP= <
IR= 881 0.16465€-0w TINE= 103746, HLOC= 4 HNCAP= 6
IR= 882 0.49172E-03 TInE= 130645. HLOC= 2 HCAP= 181
IR= 853 0.21895E-04 TINhE= 96598. HLOC= 4 NCAP= 8
IR= 884 DliG= 0.3174SE-04 TINE= 95754. HLOC= 6 - NCAP= 1"
IR= €85 ot 0.55157€-03 TINE= 199618. NLOC= G NCAP=S 203
IP=  E36 ot 0.10053E-03 TIME= 124066, HNLOC= 5 NCaP= 37
—IR= 887 blg 0.16450E-06 TIHE= 112693, NLOC= 4 NCAP= 0
IR= €83 D 0.11031E-04 TINE= 103933. MNLOC= 4 NCap= @
IR= 839 OH 0.29635€-05 TINE= 1164191, NLOC= 5 NCapP= 1
IR= 890 Dty 0.62252€E-07 TINE= 95759. HLOC= 2 MNCAP= 0




NWC TP 6305
Table 5 {Contd.)
IR= 8N DHG= 0.29979E-04 TIME= 107030. NLOC= S NCAP= V.
IR= 892 DHG= 0.83970E-05 TINEZ  120507. NLOC= 5 NCAP= 3
IRz 893 5= 0.1863SE-05 TIME=  92825. NLOC: 6 MNCAP= 0
IR= 89 = 0.46273E-04 TINE=  126663. NLOC= 5 NCAP= 17
IR= 895 D3= 0.49066E-04 TIME= 99919, HNLOC= 4 NCaAP= 18
IR= 8S%6 DMG= 0. 1C095E-07 TIME= 958%5. NLOC= 6 HNCAP= 1]
IR= 897 DNG= 0.32766E-04 TIMNE= 1025%6. HLOC= 5 NCAP= 12
IR= 898 DHG= 0.1S460E-05 TIME= 93536. HNLCC= S NCAP= [}
IR= 899 DHMG= 0.26628E-03 TIME= 94154. HLOC= 9 HCAP:= Q8
IR= 900 DtG= 0.55S30E-05 TIME= 95065. HLOC= 4 NCAP= 2
IR= 90t DHG= 0.55980€£-05 TIME= 86309. NLOC= 4 NCAP= 4
IR= 902 C53= v.100%5€E-06 TIME= 90523. HNLOC= 3 HCAP= 3
IR= 903 DI:5= 0.13748E-04 TINE= 95070. NLOC= 4 HNCAP= s
IR= 904 DHG= ~.17339E-03 TIME= 92980. HNLOC= 6 NCAP= 64
IR= 605 DM5= 0.11032E-04 TIME= 116011, HNHLOC= 3 HCAP= 4
IP= 906 Dti5= 0.0 TIME= 97154. NLOC= 2 NCAP= 0
IRz %07 D1.G= 0.10175E-04 TINE= 93126. HLOC= S5 AP 3
IR= 903 DHG= 0.15520E-03 TInE= 8993w. NLOC= 3 HNCAP= 72
IP= SC9 D:5= 0.100S6E-04% TINE= 93918, MNLOC= 5 NCAP= 3
1Pz 910 ON5= 0.279%0E-05 TINE= 9576t. NLOC= 2 NCAP= 1
IR 911 D25= 0.83147E-05 TIME= 95047. NLOC= 4 NCaP= 3
IR: 912 DMG= 0.13743E-0% TINE= 114636. NLOC= 4 NCAP= 5
Pz 913 DS 0. 11031E-0% TIHE= 103938, HLOC= 4 HNCAP= 4
IR= 914 DH5= 0.271GCE-0% TINE= 88605, HLOC= 5§ NCAP= 10
IR= 915 D+G= 0.604338E£-08 TINE= 144791, NLOC= 4 NCAP= 0
IR 916 MGT 0.163%3E-04 TINE= 1051t7. HLOC= 3 NCAP= [
IR= 917 D15= 0.32765E-04% TINE= 93506. NLOC= 4 NCAP= 12
IR 918 DI:G= 0.54417E-C TINE= 89247. HLOC= 4 MNCAP= 0
IRz 919 DMG= 0.59333E-04 TIME= 100541, HNLOC= 4 NCAP:= 2
IR= 920 DMG= 0.19460E-0S TINE= 883C0. HLOC= 4  HCAP:= 0
IR 92% DNG= 0.13745E-0% TINE= 100829. HLOC= 4 HNCAP= 5
IP-= 22 DIG= 0.105°6E-03 TItE= 95806. HNLOC= 4 NCAP= 39
IR= 923 O1!G= 0.16389E-C4 TINE= 105663. MNLCC= @ HCAP= o
IRz 924 D0i:5= 0.1635CE-04 TINE= 113024, HNLOC= 7 NCAP: 6
IR= 925 CMG= 0.82252€-07 TINE= 95759, HtOC= 2 HCAP= 1]
IR= 926 OM5= 0.53147E-0S TINE= 93181. HNLOC:= 4 HCAP= 3
17z 927 DtiG= 0.22622E-16 TINE= 107937, HNLOC= 4 NCAP: 1]
IRz Q28 G 0.0 TIvE= 90240. NtCC= 2 NCAP= 0
IRz 929 DIG= 0.54493E-04% TINE= £3305. HNLOC:= 4 NHCAP= 20
IR= 930 Ors:= 0.12058E-07 TINE= 101537. HLOC= 5 HCAP= 0
IR 931 DH5= 0.50927E-04 TINE= 109477. HLOC= 5 HNCAP= 18
IR= 932 53 0.11954€-03 TINE= 100390. NLOC= S NCAP: 13
IP= 933 DMG= 0.60492E-08 TINE= 86593, MHLOC= 3 HCaP= 0
IR 934 DI5= 0.84301E-04 TINE= 100392, HNLOC= 4 NCAP: 3t
IR= 935 DHG= 0.1561CE-04 TINE= 106235, HLOC= 5 HNCAP= S
IRz 936 DG= 0.18474E-03 TINE= 91624. NLOC= 5 HNCAP= 68
IR 937 D'G= 0.54225E-C4% TINE= 97614. NLOC= 5 HNC:P= 31
IR= <38 01:3= 0.83147E-05 TInE= 94748. NLOC- 4  NCAP= 3
== IR= 939 Ol1G= 0.°5250E-0% TINE= 100565. NLOC= 4 NCAP= 35
IR= 940 Di153= 0.67925E-04 TINE= 134168. NLOC= 2 NCAP= <5
IR= 941t O1:3= 0.8 .545CE-07 TIME= 89736. NLCC= % NCAP= 0
IRz 942 132 0.18216E-03 TINE= 200735, NLOC:= 4 NCAP= 67
IR 943 DI15= 0.65208E-04 TIME= 94276. HNLOC= 5 NCAP= 24
IR= 944 D5= 0.2+4615E-04 TIME= 112254, HNLOC= 5 HNCAP:= 9
IR= 945 DHG= 0.19521E-05 TINE= 89746. NLOC:= 4 HNCaAP= [}
IRz 946 Dt1G= 0.55157E-05 TIME= 95762, HLOC= 2 NCAP= 2
—IR= 947 OtiG= 0.16319€-04 TIHE= 88471, HLOC= S NCAP:= 6
IR= 948 DrG= 0.292384E-04 TINE= 96477. HLOC= S NCAP= 1
IR 949 BHG= 0.21128E-04 TIME= 120555. HNLOC= 5 HNCAP:= 7
IR= 950 DM5= 0.84301E-0% TINE= 100633, HNLOC:= «  MCace: 31
78




NWC TP 62305
Table 5 (Contd.)
IR= 95% DMG= 0.24615E-04 TIME= 93500.
IR= 952 DMG= 0.55157E-05 TINE= 123271,
IR= 953 OMG= 0.43907E-04 TINE= 99906.
IR= 954 DHMG= 0.20655E-03 TIHE= 198167, °
IRz 955 Ot1G= 0.25%09E-09 TIME= 101842.
IR= 956 OrMG= 0.19106E-04 TIME= 94989,
IR= 6§57 DHG= 0.16%6.2-04 TIME= 95072.
IR= 958 Dt15= 0.56113E-05 TINE= 92293.
IR= <59 DMG= 0.19187E-04 TIHE= Q3496.
IR= 60 DiiG= 0.59933C-04 TINE= 103507,
IRz °61% orG= 0.10063E-07 TINE= 85049,
IR= 562 ON5= 0.16852E-03 TINE= 102850.
IR= 963 CNMG= 0.42652E-03 TINE= 166721,
IRz  Sb¢4 DI:'G= 0.1061CE-03 TINE= 112308,
IR= 955 DitG= 0.13534E-02 TIHE= 10710t
IRz C¢6 +5= 0.55SC0E-05 T.E= 94587,
IR= <67 05z 0.15182E-04 TIME= 94755,
IR=  %c¢8 0313= 0.16445E-04 TINME= 147735.
IRz 3569 CHG= 0.27250€-04% TINES= 95687.
P= 970 5= 0.13748E-04 TINE= 103940,
1P= 97 153 0.43532€-04 TINE= 117936.
IRz 972 D1iG= 0.16450E-06 TINg= 92035,
0= 973 D= 0.391C1E-03 TINE= 129307,
IRz 974 DMG= 0.6115JE-08 TINE= 87916.
IP= 975 Dti5= 0.8565SE-0% TINE= 97722.
IR= 976 BIiG= 0.11031E-04 TINE= 93491,
IR= 977 Di13= 0.74042E-05 TIHE= 101681,
IR= Q78 DrG= 0.1358GE-C3 TIHE= 116432,
IRz 979 OMG= 0.11031E-C4 TINE= 89313,
IR= <80 DM53= 0.40834E-04 TINME= 121477.
JEERILTY 0nG= 0.55157E-05 TIME=  95762.
AEERIEEY D132 0.25545E-03 TIHE= 173834,
PR D1iG= 0.30049E-04 TIMES 92056.
IR= 984 193= 0.3268SE-04 TINE= 88034,
1Pz %85 DNG= 0.21740E-06 TIMES 105559,
IR= 82 OMG= 0.81565E-05 TINE= 93430.
1Pz @87 D1i5= 0.46C267E-04 TIME= 89878.
IR= 988 OHG= 0.09370E-04 TIME= 91372.
Ir= 339 {152 0.16465E-04 TINE= 107720.
IP=  G6S0 152 0. 3T765E-04% TINE= 100842,
IRz 991 DH3= 0.87024€E-04 TIME= 8¢540.
IR= 992 6= 0.11025E-04 TINE= 93972.
Ip=z 893 135 0.35482E-04 TIME= 94606,
IRz 934 DM5= 0.15757€-03 TINE= 87814,
IRz ¢35 1'3= 0.55%84E-05 TINE= 89443,
IP= 966 DNG= 0.26633E-03 TINE= §7289.
Pz 997 15z 0.10949E-04 TINE= 11090,
IR 998 DIG= 0.60438€-08 TINE= 5161,
“Ipr= 999 DMG= 0.83147E-05 TINE= 96136.
1Pz 1000 DM3= 0.10950E-04% TiME= 56154,
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NWC TP 6305

Table 6 - Sidewinder Rocket Damage in 10 Years (Sorted in Ascending Order).
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NWC TP 6305
.. __Table 6 (Contd.)
0.8156D-05 298 0.8158D-05
0.61930-0S5 303 0.8203D-0S
0.8220D0-05 308 0.82330-05
0.8233D-05 3 0.8233D-05
0.6257D-05 318 0.8294D-05
0.8297D-05 323 0.83030-05
0.8315D0-05 38 0.831%0-05
0.8315D0-C5 333 0.6315D-05
0.83150-05 3 0.8315D0-05
0.8315D0-05 343 0.83150-05
0.83150-05 348 0.6318D0-05
0.83249D-05 353 0.8324D-05
0.9475D-05 358 0.1010D-04
0.1018D-04 363 0.101£0-04
0.102°00-0% 38 0.1093D-04%
0.1035D-C4 173 0.1095D0-04
0.1025D0-04 378 0.10°5D-04%
0.1095D-04 3a3 0.109°D-04
0.1102D-04% 3185 0.1103D-04
0.11030-0w 3193 0.11030-04%
0.11030-04 393 0.1103D-04
0.1103D-04 403 0.11030-0%
0.1105D0-04 «08 0.113:3-04
0.124-D-04% “t3 0.12600-04
0.12810-04 418 0.1283D-04
0.12900-04 423 0.12200-04
0.13520-04 4’8 0.13550-04%
0.13600-04 w33 0.1367D-0%
0.1357D-04 “318 0.13570-04
0.117CD-04 443 0.1374D-0%
0.13750-04 “48 0.13750-04%
0.1375D-04 “53 0.1375D-04
0.1375D-04 458 0.1375D-04
0.14110-0% 463 0.145%D0-04
0.155C0-04 “68 0.15500-06
0.155%D-04% “73 0.15510-04
0.1631D0-04% “78 0.1631D0-00
0.1¢3:D-04 483 0.163¢D-0%
0.163.D-C4 489 0.163°D-04
0.1¢41D0-04 493 0.16410-04
0.1644D-04 498 0.164%D-04
0.1646D-04 503 0.1646D-04
0.166D-04 LYW 0.1644D-04
0.16470-04 513 0.1734D-04%
0.1904D-04 o118 0.1¢040-04%
0.190<D-04 523 0.1910D-04
0.1911D-0% gZ8 0.19140-04
0.1916D-04 513 0.19185D-04%
0.19168D-0% 538 0.1918D-~0%
0.191¢D-04 543 0.19180-04
0.1S1£D-04 548 0.19160-04
0.2096D-C4 553 0.2096D-04
0.21050-04 558 0.21730-064
0.217+D-04 563 0.51740-04%
0.2182D-04 568 0.2182D-04
0.2188D-04% 573 0.2190D0-04
0.21900-04 578 0.21°0D-04%
0.2275D-04 583 0.2350D-04
0.24450-04 588 0.24645D-04
0.2453D-04 593 0.24540-06
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564
569
574
579
584
589
594

000000000000 0000QCO000O000O00OO0OODOCO0ODODO0ODO0DO0O000O000D0CO00D0O0O0O0DO0OCOCO0OOO

.81690-05
.8206D-05
.8C31D-05
.§239D-05
.82S50~05
.8315D-05
.831ED-05
.83150-05
.6315D0-05
.83150-05
.8316D-05
.85°3D0-05
.1012D-04
.1015D-04
.10950-0%
.1095D-04
.10G5¢D-04
.1101D-04
.11030-0%
.11023D-04
.1103D-04
.11030-0%

11610-04

1266D-0%
L1284D-04
.12900-04
.13520-04
13070-04

13580-04%

L 13740-04
L13750-04
.1375D-08%
.13750-04
.14630-0%
.15530-04
.16330-04
.1631D0-04
.1637D-04
.1639D-04

16430-0¢

.1645D-04
.1646D-06
1646D-04
.1902D-0%
.19050-04
.191CD-04
19150-04
.191ED-04
.191¢ED-0%
.1918D-04
.c0V1D-0%
.20¢6D-04
.oV 710-04
.2175D-04
.21030-04
.c190D-0%
.21900-04
.2376D-04
.2%450-04
. 24540 3&

300
305
310
s
320

330
335
340
345
350
355

165
370
375
330
3as
390

400
405
410
415
4zo
425
430
435
440
“4S
450
“55
460
465
470
475
450
485
490
495
500
505
510
515
520

5
530
535
540
545
550
555
560
565
570
575
530
585
590
595

0.8176D-0S
0.8212D-05
0.8233D-0S
0.6242D-0S
0.8297D-05
0.83150-05
0.8315D-0S
0.83150-05
0.83150-05
0.8315D0-05
0.831¢0-05
0.90110-05
0.1012D-04
0.10870-04
0.10950-04%
0.1095D-04
0.10970-04
0.11010-04
0.1101D-04
0.1102D-0¢
0.1103D-0%
0.1104D-04
0.11¢5D-04%
0.1273D-04
0.12850-04
0.1325D-04
0.135°0-0«
0.1367D-04
0.1372D-04
0.1375D-0%
0.13750-04
0.1375D-04
0.1376D-04
0.15450-04
0.1%57D0-04
0.1630D-04
0.163°D0-04
0.163°0-04
0.1640D-0w
0.1643D-04
0.1646D-04
0.164¢D-04
0.164¢D-0%
0.1907D-0«
0.190¢D-0%
0.1911D-04
0.1915D-04%
0.19180-0%
0.191¢D-04
0.1918D-04
0.201¢D-04
0.20960-0%
0.21730-04
0.2180D-04%
0.2187D-0%
0.2190D-04%
0.2190D-064
0.23760-04
0.044SD-04
0.2454D-0%
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Table 6 (Contd.)

.83560-04 847
.SC520-0% 852
.652(D-04 857
.97300-04 862
.97%1D-0% 867
.10040-03 872
.1031D-03 877
.10600-03 882
.10670-03 857
."||‘00'03 892

.8966D-04 849 0.5237D0-04 849  0.90r30-04 850 0.90470-04
.9503D-0% 853 0.95120-0% 85% 0.95130-04 855 0.95170-04%
.95240-04 858  0.5525D-04 859 0.9505D-06 860 0.96950-04
.97800-04 863 0.9780D-04 864 0.97310-04 865 0.97050-04
.10050-03  &68 0.10000-03 869 0.10060-03 870 0.1006D-03
.10320-03 873 0.10320-03 874 0.10330-03 875 0.10330-03
.10330-03 878 0.1033D0-03 879 0.1034D-03 880 0.1035D-03
.10600-03 883 0.1060D-03 284 0.10600-03 885 0.10610-03
.10€50-03 898 0.103&D-03 839 0.10£80-03 890 0.11140-03
.1114D-03 893 0.1114D-03 894 0.11‘.50-3 ags= 0.11150-03

856

596 0.2454D-04 597 0.2455D-04 598 0.24560-04 599 0.24570-04 600 0.24570-04
601 0.24580-04 602 0.24590-04 603 0.2460D-04% 604 0.24620-04  60S 0.24620-04
606 0.2452D-0% 607 0.2462D-04 608 0.24620-0% 609 0.25460-04 610 0.2640D-04
611 0.27170-0% 612 0.2717D-0% 613 0.27170-04% 614 0.27170-04 615 0.27190-04
616 0.C7150-0% 617 0.2725D-0% 618 0.27250-04% 619 0.27250-04 620 0.2726D0-04
621 0.272%D0-04 622 0.2729D-04 623 0.27290-0% 624 0.2730D0-04% 625 0.37330-04
626 0.2733D-04% 627 0.2733D-04 628 0.28260-04 9 0.29110-04 630 0.2633D-04
631 0.25230-0% 632 0.29380-04 633 0.2990D-0% 634 0.2964D-04 635 0.29970-04
636 0.2997D-04 637 0.2997D-04 633 0.2953D-04 639 0.2993D0-04 640 0.2995D-04
641 0.306010-04 642 0.3002D-04 643 0.30030-04 644 0.3004D-04 645 0.303°D-04
645 0.3173D-04 647 0.3191D-04 648 0.32600-04 649 0.32600-04 650 0.3262D-04%
651 0.32¢50-0% 652 0.3268D-0% 653 0.3265D-0% 654 0.3265D-04 655 0.32710-04
656 0.3275D0-0% 657 0.3277D-04 658 0.32770-04 659 0.3277D-04 660 0.32770-04
661 0.3C5770-04 662 0.32770-0% 663 0.3277D-04% 664 0.3277D-04% 665 0.32770-04
666 0.35320-Cx 667 0.353C2D-0%4 668 0.353D-04 669 0.35320-04 670 0.3533D-04
671 0.35358-04% 672 0.35380-04 673 0.3541D-0% 674 0.3545D-0% 67 0.35450-04
676 $.35450-04 677 0.35450-04% 673 0.35470-049 679 0.35430-04 6350 0.35430-0%
661 0.37270-04 6862 0.3803D-04 683 0.3501I0-04 684 0.3309D-04 €85 0.32170-04
665 0.351£0-0% 637 0.35t80-04 683 0.33200-04 689 0.3320D-0% 690 0.35200-04
691 0.35200-04 652 0.40100-C% 693 0.4075D-04 694 0.40760-04 695 0.4076D-0%
666 0.40810-04 697 0.4033D-04 693 0.4033D-04 699 0.40310-04 700 0.40330-04
701 0.408530-0% 702 0.40370-04 703 0.40340-04% 704 0.40860-0% 705 0.4033D-0%
706 C.4052D-0% 707 0.40920-04 708 0.4C51D-04 709 0.42730-0% 710 0.4347D-04
AR 0.43470-0+ ne 0.434750-04% 713 0.4353D-C4% 714 0.43550-04 715 0.41560-0
716 0.4357D0-04% 717 0.4358D-04 718 0.4353D-0% ne 0.4359D0-04 70 0.43620-04
721 0.436320-04 722 0.43630-04 723 0.42630-04 <6 0.44%10-04 725 0.45641D-04
726 09.45545D-04% 727 0.4616D-0% 728 0.4615D-04 9 0.4619D-0% 730 0.46200-04
731 3.46370-04 732 0.45270-04 733 0.46270-06 734 0.4627D0-04 735 0.46310-04
716 0.4531D0-C% 737 0.43%00-0% 738 0.4390D-04 739 0.4391D0-04% 740 0.48960-04
7%1 0.458520-904 742 0.4599D-04 743 0.49050-0% 744 0.49070-04 745 0.50930-04
746 0.517C0-0% 747 0.51730-04 748 0.5173D0-04 749 0.517°D-04% 750 0.5433D-0%
751 0.54370-04 752 0.5441D0-04 753 0.5447D-04 754 0.5442D-04% 755 0.5+420-04
756 0.5445D-0% 757 0.5445D-04 7538 0.5+50D0-04 759 0.54500-04 760 0.54500-0%
761 0.57C5D-04 762 0.57060-0 763 0.57C60-04 764 0.57060-0% 765 0.57080-04
766 0.57132-C4 767 0.57140-0% 768 0.57C22D-0+ 769 0.57220-04 770 0.57220-04
771 0.55350-04 772 0.5977D-04 773 0.59350-C 774 0.598°D-0% 775 0.593°0-04
776 0.59520-0% 777 0.624CD-04 778 0.624%0-04 779 0.6l51D-04 780 0.62510-0%
781 0.6<57D0-04% 782 0.6257D-04 783 0.6258D-0% 734 0.6260D0-04 785 0.6261D-04
786 0.62650-04 737 0.6437D0-04 768 0.65200-0% 739 0.65210-04 790 0.65210-04
7N C.65210-C% 7l 0.65210-0+ 793 0.6524D-04% 79% 0.65310-0% 795 0.65370-04%
796 0.65370-04% 797 0.6792D-04 773 0.679.D-0+ 799 0.6792D-04 800 0.6793D-06
8014 0.67650-0% 802 0.67960-04% 503 0.7064D-04% 804 0.7064D-04 €05 0.70640-04%
806 0.70640-04% 807 0.7066D-04 803 0.70500-04 809 0.70660-04 810 0.70700-04%
811 0.70720-04 812 0.70750-04% 813 0.7075D-C4 814 0.733%0-04 815 0.73350-04
816 0.73550-04 817 0.7336D-04 at8 0.73°7D-04% 819 0.73430-04 <o 0.73610-0%
821 Q.73500-04 822 0.76070-04 a3 0.76070-04 ete 0.76070-0% 8cs 0.76V10-04
626 0.761-D-04 87 0.7617D-C% 828 0.78790-04 829 0.78790-04 830 0.76370-04
&3 0.6151D-0% 832 0.81500-06 813 0.8152D-0% 834 0.642CD-04 835 0.84220-04
836 0.8422D-04 837 0.8427D-04 88 0.54300-04 839 0.£4310-04 840 0.8434D-0%
841 C.86%50-04 842 0.8702D-04 843 0.87020-04 844 0.8955D0-04 84S 0.89650-04

¢ 0

[ 0

0 0

) 0

0 0

0 0

J 0

4 0

0 0

0 0

82




NWC TP 6305

Table 6 (Contd.)

896 0.11330-03 897 0.1141D-03 898 0.1141D0-03 899 0.1142D-03 900 0.11430-03
901 0.1168D-03 902 0.1168D-03 903 0.1168D-03 904 0.1169D-03 905 0.11690-03
906 0.1170D-03 907 0.1195D-03 908 0.1196D-03 909 0.11960-03 910 0.11°50-03
91 0.1223D-03 912 0.12510-03 313 0.1251D-03 %14 0.12680-03 915 0.12690-03
916 0.12770-03 917 0.1278D-03 918 0.1296D-03 919 0.13050-03 920 0.13320-03
92t 0.1333D0-03 922 0.13580-03 923  0.1352D-03 24  0.1358D-03 925 0.1359D-03
926  0.135D-03 927  0.1370D-03 928  0.1336D-03 92 0.1326D-03 930 0.1413D-03
931 0.1614D-03 932 0.14670-03 933 0.1467D-03 934 0.15220-03 935  0.15270-03
936 0.15400-03 937 0.15450-03 938 0.1576D-03 939 0.1576D-03 940 0.157/D-03
%1 0.1603D0-03 942 0.16590-03 943  0.16850-03 944  0.1685D-03 945 0.17120-03
946 0.1712D-03 947  0.173°D-03 Q48  0.1736D-03 949  0.18000-03 950 0.1820D0-03
951 0.1820D0-03 952 0.18200-03 953  0.1827D-03 954 0.18470-03 955 0.1876D-03
956 0.15030-03 957 0.1956D-03 958  0.1983D0-03 959  0.1983D-03 960 0.2010D-03
901 0.2056D-03 962 0.2066D-03 963  0.2120D-03 964 0.21730-03 965 0.2201D-03
956 .222¢D-03 W7 0.0228D-03 <68 0.2224D-03 S69  0.20830-03 970 0.23650-03
97t 0.2391D-03 972 0.2391D-03 973 0.2397D0-03 974  0.C2945D-03 975 0.24730-03
976 0.2473D-03 977 0.02554D-03 978  0.2554D-03 979  0.2555D-03 980 0.26630-03
581 0.26630-03 982 0.2799D-03 983  0.2954D-03 984  0.2938D-03 935  0.3206D-03
g6 0.3513D-03 987 0.3912D-03 938  0.4075D0-03 989  0.4076D-03 990 0.4065D-03
N 0.42650~03 992 0.4320D-03 993  0.464€D-03 994 0.43090-03 995 0.4%8640-03
996 0.4917D-03 997 0.55150-03 998 0.5516D-03 999 0.7934D-03 1000 0.11820-02
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NOTES.
MAXIMUM DAMAGE « 1,182 x 10°3
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Figure 25 - Distribution of Extreme Damage in 10 Years.
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CONCLUSIONS AND RECOMMENDATIONS

In this report a methodoloqy for estimating the time to failure
of rockets by using probabilistic analysis has been described and
illustrated. In particular, a probabilistic model of the environment
to which rockets are exposed in real life situations was developed.
As an example, the Sidewinder rocket motors were considered, and the
realistic environmental and logistic (i.e., movement of rockets from
one location to another) data were probabilistically modeled. The
methods used are general and can be applied to other rockets. Sev-
eral computer proqrams were written in the course of this project
with the final aim being the development of a probabilistic environ-
mental model that predicts the time to failure of rockets. Failure
occurs when the rocket has exceeded an allowable level of cumulative
damage. In this report the damage was caused by thermal stresses due
to external temperature only, There are other causes hesides temper-
ature for damage in rockets (such as shock and vibhration, chemical
aqing of the propellant, humidity, and radiation). It is recormmended
that these other effects be added into the damage calculation.

The Sidewinder damaqe calculations indicate the need for an
extensive analysis of captive flights, which is the sinqle most dam-
aqinqg environment. In spite of the relatively short portion of its
life that a rocket spends in captive flight, the damage incurred is
nore than 100 times the damage that occurs in storage.

For Sidewinder rockets, the Navy storage locations are situated
in mild climates. The most damaqing location was Tokyo/Atsuqi. The
damage during storage is minimal, Rockets aboard ships also exper-
jence a mild temperature. The surrounding sea acts as a temperature
stabilizer and ships do not frequently travel in very cold and icy
waters where damage could be higher. Truck and train transportation
and air transportation are more damaqing than storage but (at least
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two orders of magnitude) less damaging than captive flight. In cap-
tive flight the rocket is directly exposed to the surroundings, and
the air temperature at high altitude can be very cold and hence cause
a larger amount of damage because the damage rate is large.

These results suggest the need for a follow-on effort for a more
extensive analysis of captive flights. For example, careful measure-
ments of rocket skin and propellant temperatures during captive
flights are suggested (there are presently a limited number of
reports describing temperature variations during captive flights [NWC
TP 5365, Part 1 and Part 23!* ). The measured temperatures then can
be used to compare with computed transient temperatures through the
propeliant cross section. Finally, coupling this with a viscoelastic
analysis program (possibly Jeter's code "Travis"?2) allows deter-
mination of stresses. From this data, the damage during captive
flight can be established as a function of several important param-
eters such as (1) flight altitude, (2) time to achieve this altitude,
(3) flight speed, (4) position of rocket on the plane (there can be
differences in skin temperatures of rockets depending on where they
are olaced on the plane), (5) descent time. This information can be
computerized, and by describing the characteristics of every cantive
flight (i.e., the flight altitude, rise time, etc.), the relative
damage for each rocket in a fleet could he monitored. The rockets
which accumulate most significant levels of damage should be expend-
ed, discarded or used subsequently in "less damaqing" flights, The
ultimate objective of this proposed scheme is to maximize combat
readiness by reducing rocket failures and increasing the overall life
expectancy.

An activity should be initiated to establish the location within
the propellant most susceptible to damage from fluctuations in the
external temperature. The analyses in this report are based on the
assunption that the bore is the critical location. Although it is
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known that this is an important location for occurrence of maximum
stresses under some conditions, the assumption that this is the most
critical Tlocation from the standpoint of damage is not proven.
Neither have we shown that “"flaw", i.e., a crack, is equivalent to
end of useful life.

Installation of the computer codes developed during the course
of this project on a China Lake Naval Weapons Center computer system
is also planned. These programs can be used for other rockets with
different dimensions and properties by simply modifying the input
data. The environmental data and logistics (movement of rockets) can
be determined for the specific rocket by using these codes in a simi-

lar manner as was done for Sidewinder.
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APPENDIX A

Cumulative Density Functions of Storage Location
Temperature Amplitudes
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APPENDIX B

Parameters Used for the Solution
of the Heat Equation
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E(r) = ber por *c ker Por - d kei Pyt

F(r) = bei Por + ¢ kei por + d ker Pyr
where

2

Py = w/

2 ky

w = frequency {annual or diurnal)
k2 = thermal diffusivity of propellant

ber, bei, ker, dei are Kelvin functions of order zero (Ref. 23)

c = Re (o)

d = Im (o)

¢,P
11 i
1,7 pya) 1,07 pja) - c—z-g 16T pja) 1,0/ pya)

“%

Kl(./“f pza) Io(/T pla) + Il(."T pla) Ko(fT pza)

i)
p% . uly (k) is the thermal diffusivity of air)
1

i = /T
Io' Il. Ko‘ Kl are modified Bessel functions (Ref. 23)

€1 and Cp are thermal conductivities of air and propellant
respectively.
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APPENDIX C

Location Codes
(Duration of Stay in Each Location
Transition Markov Matrix)
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ROCKET LU LON CODES

1 WSA NUMBER Of 1S SPENT IN
2 PSN ‘?"’ ﬁ:[‘g 1 0.4775E+06 EACH LOCATION
3 ISRAE © 2 0.1227E406
4 WED 62 GAf 3 0.2304E+05 :? :"" -0E*03
5 KITT 63 KISK 4  0.9034E*05 2 0'2'7°E:°3
6 GLH 64 D59 5  0.8318E+04 3 -1166E%04
7 1 JE €5 NFG 6 0.1393E402 e 3'33""5'”
8 COA €6 CVSG- 7 0.1360E405 es 0'23°°E'°3
9 JFK 67 GF1 8 0.1514E+05 ce -5220E+04
10 MIDW 63 FSRPA 9 0.5076E+05 o 0.4000E¢01
! 11 cons 10 0.3994E05 AP or L
12 SusIC 11 0.1085E405 9 0'367"’5.”
13 coHe 12 0.1001E+05 ¥ ABSORBING sritu
14 YUA 13 0.6297E405 ADSORBING STA Ee 49
15 SEAL 16 0.9695E+04 ¥ tBIORBING sn;:: 43
16 NIRA 15 0.4733E404 «/RSORBING STATE® ;‘
17 0aLL 16 0.2961E105  «ABSORDING STATEw 52
18 RANG ' L4470E+03 .
19 KAME ' 18 0.4092E+04 *ABSORBING STATEX 54
20 ENTE 19 0.3687E¢04
2t oIS 20 0.1852E+05
} 22 SHAS 21 0.5590E+04
‘ 23 ATSUG 22 0.9790E403
24 SDAR 23 0.8090E+03
25 SUSI 24 0.1975E404
26 CCEA 25  0.4119E403
! 27 ELT 26 0.1177E+05
i 28 S:RA 27  0.2107E+04
‘ 29 BUTT 28 0.1903E405
30 NIMI 29 0.7503E404
31 FORR 30 0.8113E404
2 FIJS 3 0.2417E404
33 KAHA 32 0.6877E+04
34 KADE 33 0.3092E404
35 FLIN 36 0.9550E403
35 HULL 35  0.1200E+02
37 ne 36 0.1950E+03
38 NAFS 37 0.2383E+04
39 BAKE 38 0.2950E403
40 BEAU 39  0.2296E404
41 AQORS 40 0.4537E+04
42 N2 41 0.1400E+02
43 SINGP 42 0.1800E+02
44 PVER 43 0.1735E404
45 FOR 44 0.2439E+05
46 DANG 45  0.1898E+04
47 DET 46 =0.2542€*00
- 48 VF-17 47 0.2975E+04
49 NITR ~= 48 0.7000E*03
50 MELL 49  0.1192E404
51 VF-43 50  0.1230E403
52 FOTA 51 0.1880E404
53 \F-10 52 0.1215E%04
54 VF-11 53 0.9110E+03
55 CHER 54 0.7000E+03
~ 55 EISEN 55 0.2953E404
< 57 KEY == 56 0.2402E404
58 CANI 57 0.8589E+403
59 THAK 58 0.0

59 0.5029E+04

130




12 0.3708E+03
13 0.7409E403
14 0.4848E+09
15 0.5C260E+03
16 0.1973E+04
17 0.4470E403
18 0.5846E403
19 0.3487E+04%
< 0.7163E403
2 0.2942€E+03
< 0. DQ0E+03
23 0.202CE+03
0.3950E403
5 0.1030E+03
b4 0.3677E403
2 0.1053E%04
28 0.3660E+03
29 0.3003E+03
30 0.3527€E+03
3 0.2917E404%
32 0.114¢6E+04
33 0.7731E403
34 0.9550E+03
35 0.3000E*+01
36 0.6500E¢02
37 0.1192E+04
33 0.7450E402
39 0.2551E403
40 0.5671E%03
41 0.7000€E+0¢
a2 0.1800E%02
@3 0.1735€404
a% 0.9750E+03
45  0.9489E403
46 -0.8472E-0%
47  0.4958£°%03
- 48 0.7000E°03
@9 0.1490E*03
50 0.1230€E¢03
51 0.1830€+04
52 0.1215€+04
53 0.9110E+03
€3 0.7000E+03
55 0.1477E404
= 5% 0.1201E404
57 0,4295E+03
58 0.0
59 0.4191E+03

MWC TP 6305

RELATIVE . . SPENT IN EACH LOCATION
1 0.1430E404
c 0.1496E+04 60 0.t ..0E*02
3 0.2560E+04 [ 1] 0.1085E+03
4 0.6022E+03 62  0.1665E%03
5 0.5941E+03 63 0.1267E+03
6 0.1393E+02 64 0.2300E+03
7 0.7157E+03 65 0.2610E+04
8 0.5824E+03 66 0.2000E01
9 0.7356E¢03 67  0.4946E+01
10 0.5293E+03 68  0.2740E+03
1" 0.8355E403 69 0.7546E-01
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f
THE PROBABILITY MATRIX
ROM NUMBER= 1
10.0 2 0.004301 3 0.032258 4 0.008602 5 0.0
6 0.002151 7 0.023656 8 0.0 9 0.156989 10 0.017204 .
11 0.008662 12 0.0 13 0.010753 14 0.000452 15 0.003301
16 0.025806 17 0.0 18 0.004301 19 0.004301 0 0.006452
21 0.0 22 0.0 23 0.0 26 0.010753 £S5 0.008602
26 0.062366 27 0.0 28 0.101075 29 0.049462 30 0.030108
311 0.002151 32 0.017204 33 0.002151 34 0.0 35 0.0
35 0.0 37 0.0 38 0.00215% 39 0.010753 40 0.017204
41 0.00215%1 42 0.0 43 0.002151 &4 0.047312 45 0.0
46 0.0 47 0.010753 48 0.0 49 0.01505¢ 50 0.0
51 0.0 52 0.0 53 0.0 54 0.0 S5 0.004301
56 0.0 57 0.004301 58 0.0 59 0.002151 60 0.0
61 0.0 62 0.0 63 0.0 64 0.0 65 0.0
66 0.0 67 0.0 68 0.0 69 0.281720
ROW NUMBER= 2
1 0.118812 2 0.0 3 0.009901 & 0.059406 5 0.009901
6 0.0 7 0.0 8 0.029703 9 0.0 10 0.168317
11 0.0 2 0.039606 13 0.198020 14 0.0 15 0.029703
16 0.009901 17 0.0 18 0.009901 19 0.0 20 0.0
21 0.009901 22 0.009901 23 0.0 26 0.0 25 0.0
26 0.009901 27 0.00990t1 28 0.0 29 0.0 30 0.009901
31 0.0 32 0.009901 33 0.009901 34 0.009901 35 0.029703
35 0.0 37 0.0 38 0.0 39 0.0 %0 0.0
41 0.0 42 0.0 43 0.0 44 0.00990% 45 0.0
: 46 0.0 47 0.0 48 0.0 49 0.0 50 0.0
i 51 0.0 52 0.0 53 0.0 54 0.0 55 0.0
56 0.0 57 0.0 55 0.0 59 0.009901 60 0.0
&1 0.0 62 0.0 63 0.0 64 0.0 ¢5 0.0 :
66 0.0 67 0.0 68 0.0 69 0.188119 :
ROW NUMBER= 3 ;
[ 1 0.700000 2 0.0 3 0. % 0.0 50.0 {
; 6 0.0 7 0.0 8 0.100000 9 0.0 10 0.0 i
11 0.0 12 0.0 13 0.0 14 0.6 15 0.0 i
16 0.100000 17 0.0 18 0.0 19 0.0 20 0.0 :
21 0.0 22 0.0 23 0.0 264 0.0 25 0.0 !
26 0.0 27 0.0 28 0.0 29 0.0 30 0.0 1
31 0.0 32 0.0 33 0.0 3% 0.0 35 0.0 I
36 0.0 37 0.0 38 0.0 39 0.0 40 0.0 ;
a1 0.0 42 0.0 43 0.0 44 0.0 45 0.0 J
46 0.0 47 0.0 48 0.0 49 0.0 50 0.0 J
51 0.0 52 0.0 53 0.0 54 0.0 55 0.0
56 0.0 57 §.0 56 0.0 59 0.0 60 0.0
61 0.0 62 0.0 63 0.0 64 0.0 65 0.0 |
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41 0.0 42 0.0 43 0.0 4% 0.009217 45 0.0
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1 0.031250 2 0.250000 3 0.0 4 0.0 5 0.0
6 0.0 70.0 8 0.0 9 0.0 10 0.187500
11 0.0 12 0.0 13 0.2500006 14 0.0 15 0.0
16 0.031250 17 0.0 18 0.0 19 0.0 20 0.0
2t 0.0 22 0.0 23 0.0 24 0.0 25 0.0
26 0.0 27 0.0 28 0.031250 29 0.0 30 0.031250
31 0.0 32 0.0 33 0.0 34 0.0 35 0.0
36 0.031250 37 0.0 38 0.0 39 0.0 40 0.0
41 0.0 42 0.0 43 0.0 46 0.0 45 0.0
46 0.0 47 0.0 48 0.0 49 0.0 50 0.0
51 0.0 52 0.0 53 0.0 54 0.0 55 0.0
56 0.0 57 0.0 58 0.0 59 0.0 60 0.0
51 0.0 62 0.0 63 0.0 64 0.0 65 0.0
66 0.0 67 0.0 68 0.0 69 0.156250
ROW NUMBER= 13
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6 0.0 70.0 8 0.040000 9 0.02¢ 20 10 0.020000
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16 0.030000 17 0.0 18 0.020000 19 0.010000 20 0.140000
21 0.140000 22 0.010000 23 0.0 <4 0.0 5 0.0
&6 0.020000 27 0.010000 28 0.0 29 0.0 30 0.010000
31 0.0 32 0.010000 33 0.020000 34 0.0 35 0.0
36 0.0 37 0.0 33 0.010000 39 0.0 40 0.0
41 0.0 “2 0.0 43 0.0 44 0.0 45 0.0
46 0.0 47 0.0 %8 0.0 49 0.0 50 0.0
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6 0.0 7 0.0 8 0.0 9 0.0 10 0.0
11 0.0 12 0.0 13 0.0 14 0.0 15 0.0
16 0.0 17 0.0 18 0.0 19 0.0 0 0.0
21 0.0 e2 0.0 23 0.005495 24 0.0 t5 0.0
26 0.0 27 0.0 28 0.0 29 0.0 30 0.0
31 0.0 32 0.0 33 0.0 34 0.0 35 0.0
36 0.0 37 0.0 33 0.0 39 0.0 40 0.0
41 0.0 42 0.0 43 0.0 44 0.0 45 0.0
46 0.0 47 0.0 48 0.0 %9 0.0 50 0.0
51 0.0 52 0.0 53 0.0 54 0.0 55 0.0
56 0.0 57 0.0 58 0.0 59 0.0 60 0.0
6t 0.0 62 0.0 63 0.0 64 0.0 65 0.0
66 0.0 67 0.0 68 0.0 69 0.989011
ROW NUMBER= 15
1 0.090909 2 0.090909 30.0 4 0.090909 5 0.090909
- 6 0.0 7 0.0 8 0.0 9 0.090909 10 0.090909
11 0.090909 12 0.0 13 0.090909 14 0.0 15 0.0
16 0.0 17 0.0 18 0.0 19 0.0 20 0.0
21 0.0 22 0.0 23 0.0 24 0.0 25 0.0
26 0.0 27 0.0 28 0.0 2% 0.0 30 0.0
31 0.0 312 0.0 33 6.0 3¢ 0.0 35 0.0
.36 0.0 37 0.0 38 ¢.0 39 0.0 40 0.0
41 0.0 %2 0.0 43 0.0 44 0.0 «5 0.0
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51 0.0 52 0.0 53 0.0 54 0.0 55 0.0
6 0.0 $7 0.0 58 0.0 59 0.0 60 0.0
61 0.0 2 0.0 ©3 0.0 64 0.0 65 0.0
66 0.0 67 0.0 68 0.0 69 0.181818
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MPPENDIX D

Distances Between Sidewinder Locations
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ROCKET LCCAIONS 60 CAMD
1 USA YORKTOWH VA 61 HALE
2 PsH SUBIC BAY PR 62 GAl
3 ISRAL ISPAEL 63 KISK
4 WSO FALLBPOOK CA 64 D59
S KITT KITTY HAWK CV-63 65 NfG
6 GUAH AGANA GUANM 66 CVSG-
7 INDE THDEFENDEMNCE CV-62 67 GF1
8 CCRA CCRAL SEA CV-43 68 FSRPA
9 JFK JFK CV-67 69
10 MIDN HIDHAY CV-41
11 CONS COHSTELLATION CV-64
12 suBIC SUDIC BAY HAVMAG
13 cCC CONCORD CA
14 YUNA YUNA AZ
15 SEAL SEAL BEACH CA
16 MIPA HIRAMAR CA
17 DatL DALLAS TX
13 RANG RANGER CV-61
19 KAHE KAHEQHE HI
20  ENTE ENTERPRISE CVN-65
it ORIS ORISKAHY CV-34
¢2 SHAS SHASTA AE-33
23 ATSUG  ATSUGI JA
24 <SBAR SANTA BARRARA AE-28
25 SURIL SURIBACHI AE-21
lo CCEA OCEAHA VA
7 OELT EL TORO CA
o SARA SARATOGA CV-60
29 BUTT BUTTE AE-27
30 HINI NINITZ CVH-68
3t FORR FORRESTAL CV-59
2 ROOS RCOSEVELT ROADS PR
33 HAHA NAHA OKINAWA
34 K2DE KADEHA
35 FLIN FLINT AE-32
35 HULL U5S HUutL
37 nne PT. MUGU CA
: HAFS SIGOHELLA ITALY
39 BAKNE HT. BAKER AE-34
«0 EEAU BEAUFCRT SC
4t AQDS HABASH AOR-5
w2 hO HORFOLK VA
43 SINGP SINGAPORE
+4  ANMER ANERICA CV-66
45 FDR F. D. POOSEVELT CV-4
46 DANG DA HANG VIETHNAM
47 DET DETROIT AOE-4
«8 VF-17  VF-17
49 HITR HITRO AE-23
50 HELL HELLIS AFB NV
51 VF-43  VF-43
52 ROTA ROTA SPAIN
53 VF-i0 VF-10
4 VF-11 VF-11
55 CHER CHERRY PT. NC
56 EISEH  EISEHHOUER CVN-69
57 KEY KEY WEST FL
58 CtHIL CANISTEO AO-99
53 IHAK IWAKUNT JA
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CAMDEN AOE-2
HALEKALA AE-25

H LN 15 MAG

KISKA AE-35
HAHCOCK CV-19

HAM PHONG

CVsG

HCH 11 MAG

FORCE SERVICE REG 3
CAPTIVE FLIGHT




ROCKET LOCATION= 1

FROM

1 2 YORKTOWN
1 3 YORKTOWM
1 4 YORKTOMM
1 6  YORKIOWN
1 7 YORKTOWH
1 9 YORKTOWN
1 10 YORKTOWM
1 11 YORKTOUM
1 13 YORKTOUN
1 16 YORKTOMM
1 15  YORKTOWN
1 16  YORKTOWH
1 18 YORKTOWN
t 19 YORKTONN
1 20 YORKTOWN
1 24 YCRKTOMM
1 25  YORKIOMM
1 26 YORKTOUM
1 28 YORKTOMM
1 29 YOSKTOMH
1 30 YORKTORM
1 31 YOPKTOMN
1 32 YORKTOMM
1 33 YORKTOMM
1 33 YORKTOMM
1 39 YOPKIOWN
1 40 YCPKIOMN
1 41 YCPKTCHM
* 43 YCRKTOUM
1 4% GRKTOWN
1 47 I0RKTOIN
1 49 YORKTOMM
1 55  YORKTOMN
1 57  YORKTOUM
t 59  YORKTOMM
1 69  YORKTOWN

ROCKET L0t \[10H= 2
FRONM

2 1 SUSIC BAY
2 3 SUBIC BAY
2 4 SUBIC BAY
2 5 SUBIC BAY
2 8  SURIC BAY
2 10 SUBIC BAY
2 12 sSUBIC BAY
2 13 susIC BAY
2 15 susIC BAY
2 16 SUBIC BAY
2 18 SUBIC BAY
2 21 supiC Bay
2 22 supIC BAY
2 26 SUDIC BAY
2 27 SUBIC BAY
.2 30 SUBIC BAY
"2 32 SUBIC BAY
2 33 SUSIC BAY
2 34 SUBIC BAY
2 35 SUBIC BAY
2 44 SUBIC BAY
2 57 SUBIC BAY
2 69 SUBIC BAY

VA
VA
VA
VA
VA
VA
VA
VA
VA
VA
VA
VA
VA
VA
VA
VA
VA
VA
VA
VA
VA
VA
VA
VA
VA
VA
VA
VA
VA
VA
VA
VA
VA
VA
VA
VA

PR
PR
PR
PR
FR
PR
PR
FR
PR
PR
FR
PR
PR
PR

PR
PR
PR
FR
PR
PR
PR
PR

NWC TP 6305

T0
SUBIC BAY PR
ISRAEL
FALLBROOK CA
AGANA GUAM
INDEPENDENCE CV-62
JFK CV-67
MIDWAY Cv-4t
COHNSTELLATION CV-64
CONCORD CA
YUMA AZ
SEAL BEACH CA
MIRAMAR CA
RANGER CV-61
KANECHE HI
ENTERFRISE CVN-65
SANTA BARBARA AE-28
SURIBACHI AE-21
OCEANA VA
SARATOGA CV-60
BUTTE AE-27
NIMITZ CVH-68
FORRESTAL CV-59
ROOSEVELT ROADS PR
NAHA OKINAWA
SIGONELLA ITALY
HMT. BAKER AE-34
BEAUFORT SC
WABASH AOR-S
SINCAPORE
AHEKICA TV-66
DETROIT AQE-4
NITRO AE-23
CHERRY PT, NC
KEY WEST FL
IWAKUNT JA
CAPTIVE FLIGHT

T0
YORKTOUN VA
ISRAEL
FALLBROOK CA
KITTY HAWK CV-63
CORAL SEA CV-43
MIDWAY CV-4t
SUBIC BAY NAVMAG
CONCORD CA
SEAL BEACH Ca
MIRAMAR CA
RANGER CV-61
ORISKANY Cv-34
SHASTA AE-33
OCEANA VA
EL TORO CA
NIN1TZ CVN-68
ROOSEVELT ROADS PR
HAHA OXIHAWA
KADEHA
FLINT AE-32
AMERICA CV-66
IWAKUNI JA
CAPTIVE FLIGHT
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A0CKET LOLATION= 3

RV R R

ROCKET

:‘b&‘&‘“&‘bb‘*b“&‘b&‘&‘&‘bbbb“&b

ROCY.

‘
m
-

LR R RUNU RGN NE N RV

ROCKEY
6
[.]

FNOCKET

NNNNNNN

FRCH

1 ISRAEL

8 ISPAEL

16 ISRAEL
69 ISRAEL
LU ION= &
FROM

| FALLEPOOK CA
2 FALLEROOK CA
3 FALLBROOK CA
5 FALLBROOK CA
7 FALLBRCOK CA
8 FALLEFOOK CA
9 FALLEROOK CA
10 FALLDROOK CA
1 FALLERCOK CA
13 FALLERCOK CA
15 FALLEPOOK CA
16 FALLEROOK CA
19 FALLBROOK CA
0 FALLEPDOK CA
21 FALLEROOK CA
27  FALLBROOK CA
37 FALLEPOOK CA
38 FALLBRCOK CA
44 FALLBROCK CA
59 FALLBROOK CA
65 FALLDROOK CA
8 FALLERCOK CA
69  FALLERCOK CA

LOLATION= 5
FROM

NUC TP 6305

1 KITTY HAWK CV-63
2 KITTY HAMK Cv-63
10 KITTY HALK CV-63
13 KITTY HAWK CV-63
17 KITTY HALK CV-63
18  KITTY HAWK CV-63
20 KITTY HARK CV-63
30 KITTY HALK CV-63
31 KITTY HAKK CV-63
38 KITTY MALK CV-63
69  KITTY HAMK CV-63

LOCATICH= 6
FROM
7  AGZNA GUAM
69 AGAHA GUAM

LCCALIONS 7

FROM
INDEFENDENCE
INDEPENDENCE
INDEPENDENCE
INDEPENDENCE
INDEPENDENCE
INDEPENDEMNCE
IHDEPENDENCE

CRPODC®H -

O 1 ry -

Cv-62
Cv-62
Cv-62
Cv-62
Cv-62
Cv-62
Cv-62

T0
YORKTOWN VA
CORAL SEA Cv-43
MIRAMAR CA
CAPTIVE FLIGHT

T0
YORKTOWN VA
SUBIC BAY PR
ISRAEL
KITTY HAWK CV-63
INDEPENDENCE CV-62
CORAL SEA CV-43
JFK CV-67
HIDWAY Cv-49
CONSTELLATION CV-64
CCNLCRD CA
SEAL BEACH CA
HIRAMAR CA
KANEOHE HI
ENTERFRISE CVN-65
ORISKANY CV-34
EL TORO CA
PT. MUGU CA
SIGONELLA ITALY
AMERICA CV-66
INAKUNT JA
NAM PHONG
FORCE SERVICE REG 3
CAPTIVE FLIGHT

10
YORKTOWN VA
SUBIC BAY PR
MIOHAY Cv-41
CONCORD CA
DALLAS TX
RANGER CV-61
ENTERFRISE CVN-65
NIMITZ CVvN-68
FORRESTAL CV-59
SIGONELLA ITALY
CARTIVE FLIGHY

10
INDEPENDENCE CV-62
CAPTIVE FLIGHT

T0
YORKTOWM VA
FALLBROOK €A
CORAL SEA CV-43
MIRAMAR CA
ENTERPRISE CVN-65
SARATOGA CV-60
CAPTIVE FLIGHT
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NWC TP 6305

ROCKET LCUATION= 8
FROM

OV -

[« - . N e e

ROCKET LOCATION= 9

FPOM
1 JEK CV-67
10 JFK CV-67
" JFK CV-67
13 JFK CV-67
20 JIK CV-67
26 JFK CV-67
39  JFK CV-67
52 JIK CV-67
69 JIK CV-67

ROCKET LOULATION=10
FRO!t
10 t HIDUAY CV-41
10 2 MIDHAY CV-41
10 4  HIDHAY CV-41
8
9

OO0 OVOOL O

10 MIDHAY CV-41
10 HIDHAY CV-41
10 12 MIDHAY CV-41
10 13 HIDHAY CV-41
10 14 MIDWAY CV-41
10 18 UNIDUAY CV-41
10 b NIDKAY CV-41
10 < HIDWAY CV-41
10 2 HIDWAY CV-41
10 2 1IDHAY CV-41
10 33 HMIDHAY CV-41
10 40 NIDHAY CV-41t
10 42 MIOHAY CV-41
10 44 NIDHAY CV-41
10 46 HIDHAY CV-4t
10 49  HIDHAY CV-41
10 61 HIDHAY CV-4t
10 €3 HMIDUAY CV-41
10 65  HIDUAY CV-41
10 69  NIDKAY CV-41

ROCKET LOLAiICN=11

FROM
COHSTELLATION
COHSTELLATION
COHSTELLATION
COHSTELLATION
CCHSTELLATION
1 12 CONSTELLATION
" 13 CONSTIELLATIOM
" 16 CONSTELLATION
1" < COMSTELLATION
" 37  CONSTELLATION
" 69  COMNSTELLATION

-
VO NN -

corAlL SEA CV-43
CCRAL SEA CV-43
CCRAL SEA CV-43
CCRAL SEA CV-43
CORAL SEA Cv-43
10 CORAL SEA CV-43
1" CORAL SEA CvV-43
13 CORAL SEA Cv-43
14 CORAL SEA CV-43
16 CCRAL SEA CV-43
t7 CORAL SEA Cv-43
35 CORAL SEA CV-43
44  CCRAL SEA Cv-43
59 CORAL SEA CV-43
69  CORAL SEA Cv-43

Cv-64
Cv-64
Cv-64
Cv-64
Cv-64
Cv-64
CvV-64
Cv-64
Cv-64
CvV-64
Cv-64

TO
YORKTOWN VA
ISRAEL
FALLBROOK CA
KITTY HAWK CV-63
JFK CV-67
HIDHAY CV-41
CONSTELLATION CV-64
CONCCRD CA
YUNA AZ
MIRAMAR CA
DALLAS TX
FLINT AE-32
AHERICA CV-66
IWAKUHT JA
CAPTIVE FLIGHT

T0
YORKTOWH VA
MIDWAY CV-41
CONSTELLATION CV-64
CONCORD CA
ENTERPRISE CVN-65
OCEANA VA
MT. BAKER AE-34
ROTA SPAIN
CAPTIVE FLIGHT

10
YORKTOWN VA
SUBIC BAY PR
FALLBROOK CA
CORAL SEA CV-43
JFK CV-67
SUBIC BAY NAVMAG
COHCORD CA
YUHA AZ
RAHGER CV-61
ENTERPRISE CVN-6S
ORISKANY CV-34
ATSUGI JA
SARATOGA CV-60
NAHA OKINAWA
BEAUFORT SC
NORFOLK VA
AMERICA CV-66
DA HANG VIETMAM
NITRO AE-23
HALEKALA AE-25
KISKA AE-35
HAM FHOMG
CAPTIVE FLIGHT

T0
YORKTOWN VA
SUBIC BAY PR
IHDEPENDENCE Cv-62
CORAL SFA CV-43
JFK CV-67
SUBIC BAY NAVMAG
CONCORD CA
MIRAMAR CA
ENTERFRISE CVN-65
PT. HMUGU CA
CAPTIVE FLIGHT

155




ROCKET LCLALION=12

FROM
12 1 SUS1C BAY
12 2 SucIC BAY
12 10 SUTIC BAY
12 13 SUTIC BAY
12 16 SUDIC BAY
12 < SUBIC BAY
12 30 SUBIC BAY
12 34 SUBIC BAY
12 69 SUBIC BAY

ROCKET LOLATION=13

FRON
13 1 COHCORD CA
13 2 COHCORD CA
13 3 COHCORD CA
13 4 CONCORD CA
13 5 COHCORD CA
13 8 CCHCORD CA
13 9 CONCORD CA
i3 10 CONCORD CA
13 1" COHCCRD CA
13 12 COLCORD CA
13 14 CONCORD CA
13 16 CONCORD CA
13 18 COHCORD CA
13 19 CONCORD CA
13 2 CONCORD CA
13 < CONCORD CA
13 c CONCORD CA
13 26 CONCORD CA
'3 < CCHCORD CA
13 30 CONCORD CA
V3 32 CCHCORD CA
13 33 CONCORD CA
t3 38 COHCORD CA
13 51 CONCORD CA
13 59 CONCORD CA
13 61 CONCORD CA
13 69 CONCORD CA

ROCKET LOLAIION=14
FROM
14 2 YUMA AZ
ta 3 YUNA AZ
14 69 YUNA AZ

POCKET LLLATION=15

FROM
15 1 SEAL BEACH
15 2 SEAL BEACH
15 “ SEAL BEACH
15 5 SEAL BEACH
15 9  SEAL BEACH
15 10 SEAL BEACH

15 14 SEAL BEACH
15 13 SEAL BEACH
15 47 SEAL BEACH
5 69 SEAL BEACH

NWC TP 6305

HAVMAG
HAVMAG
NAVMAG
NAVHAG
HAVHAG
NAVHAG
HAVHAG
HAVHAG
HAVHAG

CA
CA
CA
(o)
CA
CA
CA
CaA
CA
CA

T0
YORKTOWN VA
SUBIC BAY PR
MIDHAY CV-41}
CONCORD CA
MIRAMAR CA
SARATQGA CV-60
NIMITZ CVN-68
USS HULL
CAPTIVE FLIGHT

T0
YORKTOWN VA
SUBIC BAY PR
ISRAEL
FALLBROOK CA
KITTY HAHK CV-63
CORAL SEA Cv-43
JFK CV-67
MIDWAY CvV-a1
CONSTELLATION CV-64
SUBIC BAY NAVMAG
YUMA AZ
MIRAMAR CA
RANGER CV-61
KANEQHE HI
ENTERPRISE CVN-65
CRISKANY CV-34
SHASTA AE-33
OCEAHA VA
EL TORO CA
NIMITZ CVN-68
ROOSEVELT ROADS PR
HAHA OKINAKWA
SIGONELLA ITALY
VF-43
IHAKUNT JA
HALEKALA AE-25
CAPTIVE FLIGHT

10
SUBIC BAY PR
ATSUGI JA
CAPTIVE FLIGHT

10
YORKTOWN VA
SUBIC BAY FR
FALLBROOK CA
KITTY HANK CV-63
JFK CV-67
MIDHAY CV-41
CONSTELLATION CV-64
CONCOPD CA
DETROIT AOE-4
CAPTIVE FLIGHT
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16
16
16
16
16
16
%
‘ 16
{ 16
16
16
16

ROCKET

17
\7

ROCKET

ROCKET

19

ROCKET

<o
20
20
20
20
20
20
20
<0
i
0
20
<0
20
<o

ROCKET

21
21
21
21

21

ROCKET LU «TION=t6

FROM

1 HIRANAR

2 MIRANAR

8  HNIRAMAR

10 MIRANAR
tH HIRANAR
12 HIRANAR
13 MIRANAR
14 HIRANAR
15 MIRANAR
26 MIRAMAR
45  MIRAMAR
69  MIRAMAR
LCLATION=17
FROM

59  DALLAS
69  DALLAS

LOLATION=18

1
2
8
28
5%
62
69

FROM
RANGER
RANGER
RANGER
RANGER
RANGER

RANGER CV-61

RANGER

LOLATION=19

69

FROM

LOLATION=20

OC® YV EN -

10
11
12
13
15
44
60
69

FROM

KANEOHE HI

ENTERFRISE
ENTERFRISE
ENTERPRISE
EHTERFRISE
EHNERPRISE
ENTERPRISE
ENTERPRISE
ENTERPRISE
ENTERTRISE
ENTERFRISE
ENTERPRISE
ENTERFRISE
EHTECRFRISE
ENTERPRISE
ENTERFRISE

LOLATION=2}

2
9
13
22
69

FRON

Cv-o1

CVN-65
CVH-65
CVN-65
CVN-65
CVN-65
CVHN-65
CVN-65
CVN-65
CVH-65
CVN-65
CVN-65
CVH-65
CVN-65
CVH-65
CVN-65

ORISKANY CV-34
ORISKANY CV-34
ORISKANY CV-34
ORISKAHY CV-34
ORISKANY CV-34

NWC TP 6305

T0 MILES
CA YORKTOWN VA 2734
CA SUBIC BAY PR 7228
CA CORAL SEA CV-43
ca MIDWAY CV-41
CA CONSTELLATION CV-64
cA SUBIC BAY NAVMAG
ca CONCORD CA 5 82
cA YUMA AZ 1 2
CA SEAL BEACH CA 8
cA OCEAMA VA 2703
cA F. D. ROOSEVELT CV-4
ca CAPTIVE FLIGHT

To MILES
b IWAKUNT JA 7500
™ CAPTIVE FLIGHT

10
cv-61 YORKTOWN VA
Cv-61 SUBIC BAY PR
cv-61 CORAL SEA CV-43
cv-61 SARATOGA CV-60
cv-61 IWAKUNT JA

H & H 15 HAG
CAPTIVE FLIGHT

T0
CAPTIVE FLIGHT

T0
YORKTOWN VA
SUBIC BAY PR
FALLBROOK CA
KITTY HAWK CV-63
INDEPENDENCE CV-62
CORAL SEA CV-43
JFK CV-67
MIDHAY CV-41
CONSTELLATION CV-64
SUBIC BAY NAVMAG
COHCORD CA
SEAL BEACH CA
AHERICA CV-66
CAMDEN AOE-2
CAPTIVE FLIGHT

T0
SUBIC BAY PR
JFK CV-67
CONCORD CA
SHASTA AE-33
CAPTIVE FLIGHT
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ROCKET

22
22

ROCKET

23
23

ROCKET

POCKET
27

27
27

ROCKET

NWC TP 6305
LOCAFIDN=22
FROM T0
2 SHASTA AE-33 SUBIC BAY PR
13 SHASTA AE-33 CONCORD CA
LOLATION=23
FROM 10
2 ATSUST JA SUBIC BAY PR
37  ATSUGL JA PT. MUGU CA
LOCA ) ION=2%
FROM T0

1 SANTA BARBARA AE-28
16 SAHTA BARBARA AE-28
40 SANTA BARBARA AE-28
69  SANTA BARBARA AE-28

LOCATION=25
FROM
1 SURIBACHI AE-21
10 SURIBACHI AE-21
18  SURIBACHI AE-21
69 SURIBACHI AE-21

LOLATION=26
FROM

\ OCEAHA VA

9 OCEANA VA
13 OCEANA VA
23 OCEAN! VA
27 CCEANA VA
28 OCEAHA VA
30 OCEAHA VA
32 QCEAHIA VA
37 CCEAMA VA
LS OCCAMNA VA
4“8 OCEAMA VA
51 OCEAMNA VA
53 OCEANA VA
54 OCEAHA VA
56 OCEANA VA
58 OCEANA VA
66 OCEAMA VA
69 OCEAHA VA

LOCATION=27
FROH
4 EL TORC CA
15 EL TORO CA
69 EL TOPO CA

LOLATION=28

FROM
1 SARATOGA CV-60
4 SARATOGA CV-60
7 SARATOGA CV-60
9 SARATOGA CV-60
13 SERATOGA CV-60
16 SARATOGA Cv-60
2 SARATOGA CV-60
29 SARATOGA CV-60
69 SAFATOGA CV-60

YORKTOWN VA
MIRAMAR CA
BEAUFORT SC
CAPTIVE FLIGHT

TO
YORKTOWH VA
MIDUAY CV-4i
RAHGER Cv-61
CAPTIVE FLIGHT

T0
YORKTOWN VA
JFK CV-67
CONCORD CA
ATSUGL JA
EL TORO CA
SARATOGA CV-60
NIMITZ CVH-68
ROOQSEVELT ROADS PR
PT. MUGU CA
AMERICA CV-66
VF-17
VF-43
VF-10
VF-t1
EISENHOWER CVN-69
CAHISTEOD AO-99
CVsG
CAPTIVE FLIGHT

TO
FALLBROOK CA
SEAL BEACH CA
CAPTIVE FLIGHT

T0
YOPKTOWM VA
FALLBROOK CA
INDEPENDENCE CV-62
JFK CV-67
CONCORD CA
HIRAMAR CA
EHTERPRISE CVN-65
BUTTE AE-27
CAPTIVE FLIGHY
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POCKET

ROCKET

30
30
30
30

ROCKET

3
3

ROCKET

32
32
32
32

ROCKET

33
33
33
33
33

'ROCKET

34

ROCKET

35
35
35

ROCKET

36
36

POCYET

37
37

LOLATION=29
FROM
1 BUTTE AE-27
20 BUTTE AE-27
30 BUTTE AE-27
41 BUTTE AE-27
69  BUTTE AE-27
LOCATION=30
FROM
! MINITZ CVN-68
26 NIMITZ CVH-68
4%  HINITZ CVH-68
69  NIMITZ CVN-68
LOCATION=31
FROM
26  FORRESTAL CV-
69  FORRESTAL CV-
LOCA110N=32
FROM
1 ROOSEVELT ROA
22 ROOSEVELT ROA
26 ROOSEVELT ROA
69  ROOSEVELT ROA
LOLATION=33
FROM
1 NAHA OKINAWA
13 MNAHA OKIHAWA
26 HAHA OKINAMWA
346 NAHA OKINAWA
69  HAHA OKIMAWA
LOLATION=34
FROM
13 KADENA
LOCATI0H=35
FROM
10 FLINT AE-32
12 FLINT AE-32
36  FLINT AE-32
LUCATION=36
FROM
2 USS HULL
13 USS HULL
LOLATION=37
FROM
16  PT. MUGU CA
26 PT. MUGY CA

NWC TP 6305

T0
YCRKTOWN VA
ENTERPRISE CVN-65
NIMITZ CVN-68
WABASH AOR-S5
CAPTIVE FLIGHT

T0
YORKTOWN VA
OCEAMA VA
AMERICA CV-66
CAPTIVE FLIGHT

T0
59 OCEANA VA
59 CAPTIVE FLIGHT
TO

DS PR YORKTOWN VA

DS PR SHASTA AE-33
DS FR OCEANA VA
DS PR CAPTIVE FLIGHT

T0
YORKTOWN VA
CONCORD CA
OCEANA VA
KADEHNA
CAPTIVE FLIGHT

10
CONHCORD CA

T0
MIDHAY CV-41
SUBIC BAY NAVMAG
USS HULL

T0
SUBIC BAY PR
CONCORD CA

T0
MIRAMAR CA
OCEANA VA
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C——

ROCKET
38

38
38

ROCKET

39

39
39

ROCKET
40
40
40
4“0

ROCKET

41

POCKET

42

POLKET

ROCKET

44
%4
4%
44

NOCKEY
45
45
45

POCKET

aé

96

NWC TP 6305

LOCA1 ION=38
FROM
1 SIGONELLA ITALY
4 SIGOHELLA ITALY
39 SIGOMELLA ITALY

LOCATION=39
FROM
1 MT. BAKER AE-34
28 7. BAKER AE-34
69 MT. BAKER AE-34

Lo. - i ION=40
FROM
1 BEAUFCRT SC
12 BEAUFORT SC
55 BEAUFORT SC
69 BEAUFORT SC

LOCATION=41
FROM
1 WABASH AOR-S

LOL s [I0N=42
FROM
3 NORFOLK VA

LU 1 TON=43
FROM

LC . 1I0N=44

FROM
1 AMERICA CV-66
2 AHERICA CV-&6
5 AMERICA CV-66
8 ANMERICA CV-66
0 AMERICA CV-66
2 AHERICA CV-66
2 ANMEPICA CV-66
39 AMERICA CV-66
40 ANERICA CV-66
45 AHMERICA CV-66
47 AMERICA CV-66
69 ANERICA CV-66

LOLATION=45

FROM
13 F. D. ROOSEVELT CV-4
44 F. D. ROOSEVELT CV-4
69 F. D. ROOSEVELT CV-4

L 1IOM=46

FRON
10 DA HANG VIETHAM
69 DA NANG VIETHAM

10
YORKTOWN VA
FALLBROOK CA
MT. BAKER AE-34

T0
YORKTOWN VA
SARATOGA CV-60
CAPTIVE FLIGHT

10
YORKTOWN VA
SUBIC BAY HAVHMAG
CHEPRY PT. MC
CAPTIVE FLIGHT

T0
YORKTOWN VA

T0
ISRAEL

10

TO
YORKTOWN VA
SUBIC BAY FR
KITTY HAWK CV-63
CORAL SEA CV-43
MIDWAY CV-41
ENTERPRISE CVH-65
SARATOGA CV-60
MT. BAKER AE-34
BEAUFORT SC
F. D. ROOSEVELT CV-4
DETROIT AOE-4
CAPTIVE FLIGHT

T0
COHCORD CA
AHERICA CV-66
CAPTIVE FLIGHY

T0
MIDHAY CV-41
CAPTIVE FLIGHT
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NWC TP 6305

ROCKET LOLATION=G7

FRCM T0
47 1 BEYROLY AOE-4 YORKTOWN VA
47 7 DETROIT AOE-4 INDEPENDENCE CV-62
47 28 DETROIT AOE-4 SARATOGA CV-60
a7 4% DETROIT AOE-4 AMERICA CV-66
47 69  DETROIT AOQE-4 CAPTIVE FLIGHT

ROCKET L. .110M=4B
FROM TO

POCKET LOLALICH=49

FRON T0
49 1 MITRO AE-23 YORKTOWN VA
49 28 MNITRO AE-23 SARATOGA CV-60
49 30 NITPO AE-23 NIMITZ CVH-68
49 32 NITRO AE-23 ROOSEVELT ROADS PR
49 50 NITRO AE-23 NELLIS AFB NV
49 69  MITRO AE-23 CAPTIVE FLIGHT
ROCKET LOLATIOM=50
FPOM T0 MILES
50 1 MELLIS AFB NV YORKTOWN VA 2558
50 69  HELLIS AFB NV CAPTIVE FLIGHT

ROCKET LOLATION=51
FROM T0

0CFET LO. «IION=62
FROM T0

ROCKET LU.A1ION=53

FROM T0
53 26 VF-10 OCEANA va
53 69  VF-10 CAPYIVE FLIGHT

ROCKLT LO. .110H=54
FROM T0

POCKET LOLATION=55

FROM 10 MILES
55 1 CHERRY PT. MC YORKTOWN VA 224
55 14 CHERRY PT. NC YUMA AZ 2477

POCKET LO. :[ION=S6

FROM T0
56 1 EISEHNOWER CVH-69 YOPKTOWUN VA
56 .3 EISENNONER CVH-69 OCEAHA VA
56 69 EISEHHOWER CVH-69 CAPTIVE FLIGHT
161




NWC TP 6305

ROCKET LOLATION=57

57
57
57

ROCKETY

58

ROCKET

ROCKET

60
60

ROCKET

&)
61

ROCKET

62
62
62
62
62

ROCKET

63
63

FOCKET

b4

ROCKET

65
65

FROM
2 KEY WEST FL
10 KEY KEST FL
69  KEY WEST FL

LOLA 1 ION=58
FRON
56 CANISTEC AG-99

LCLATEION=59

FROI
10 IRAFUHT JA
2 INAKUHI JA
13 INAKUNI JA
18 IHNAKUNI JA
62 IHAKUNL JA
69 IMabUNI JA

LO.TI0N=60

FROM
4 CANDEH AOE-2
15 CAMDEN AOE-2

Ll i1 JON=61

FrROM
10 HALEKALA AE-25
13 HALEKALA AE-Z25

19, (Is4?
20

2 RSN § -2 1 151

$3  H 7 M 1Y WG

37 PO SEERRE I R ]

5¢ T K15 MAC

69 M LM 15 MAG

LOL AT ION=63

FROM
12 KISKA AE-35
13 KISKA AE-35

LOL 110NH=64
FPON
8 HAHCOCK Cv-19

LOLATION=65
FrRON

10 Han PHONG

69 HAM PHONG

10
SUBIC BAY PR
MIDKAY CV-41
CAPTIVE FLIGHT

10
EISENHOWER CVN-69

To
MIDWAY CV-41
SUBIC BAY NAVMAG
COHCORD CA
RANGER CV-61

H & M 15 hAG
CAPTIVE FLIGHT

T0
FALLBROOK CA
SEAL BEACH CA

10
MIDWAY CV-41
CONCORD CA

10
SUBIC BAY HAVHMAG
CONCORD CA
NAHA OKINAWA
IWAKUNI JA
CAPTIVE FLIGHT

10
SUBIC BAY NAVMAG
COHCORD CA

10
CORAL SEA CV-43

10
MIDWAY CV-41
CAPTIVE FLIGHT
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NWC TP 6305

ROCKET LOL~TION=66

FRON T0
66 26 CVs6 OCEANA VA
66 51 CvsG VF-43
ROCKET LOCATION=67

FROM T0
67 27  HEM 11 MAG EL TORO CA
07 69  HLN 11 MAG CAPTIVE FLIGHT

ROCKET LOCATION=68
FROM TO
68 2 FORCE SERVICE REG 3 SUBIC BAY PR

163
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APPENDIX E

Computer Proarams
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NWC TP 6305

COMPUTER PROGRAMS

STORAGE

CAPTIVE.FLIGHT '

MARKOV

WEATHER

LOGISTIC

AIRCARRY

|
DAMAGE ., SORT :




QOO NCTOTOPVNL L UUWUPDNN=-000000000000000000C0O

-405
L4068
.407
408
.45

.55

NWC TP 6305

// JOB (A95$X5,516,0.25,10), 'GEORGE DERBALIAN'
/%#JOBPARM FORMS=1481

// EXEC FORTCLG

//FORT.SYSIN DD *

C// EXEC WATFIV

C//GO.SYSIN 0D #

CSWATFIV

0030 69600 03816 0000 16301630 36 096 6 30 36 1 3610 36 20 1630 6 36 94 6.0 06 0 06 0 3604 -0 0 3496 0

STORAGE
GEORGE DERBALIAN
THIS PROGRAM COMPUTES ROCKET DAMAGE IN STORAGE LOCATIONS
APRIL 1981

B0 000608 D636 630 Bk D3 6 D 0 36 36 366 6 26 34 26 3036 36 3 06 6 36 96 0 34 3¢ 26 94 2
IMPLICIT REAL#8(A-H,0-2)
COMHON /GREGH/HW,WA
COMMON/FAIL/AT, TEMP,DD, SU,SCR, XIO
OIMENSION ITP(25),SHIFT(25),TITL(20),COFA(200),CDFD(200),0MG(100)
READ(5,500) TITL
WRITE(6,600) TITL
500 FORMAT(20A4)
600 FORMAT(*1',/720X, 'wnit ' ,20A4," Hux')
READ(5,551) ITIME,SCFD,SCFA,XKT
IF (XKT.EQ.0.0) XKT=1.0
READ(5,50t) EC,EP'PR,PRC.DIFF,RI,B,ALP,ALPC,H
501 FCRMAT(8F10.3)
WRITE(6,601) EC,EP,PR,PRC,DIFF,RI'B,ALP,ALPC,H
601 FORMAT(/1X, 'MODULUS OF CASING',F15.2,1X, 'PSI',/1X,
‘HODULUS OF PRGPELLANT 4F15.2,1X,'PSI' /X,
*POISSON"S RATIO OF PROPELLANT',F10.4,/1X,
'POISSON''S RATIO OF CASE',F10.4,/1X,
‘THERMAL DIFFUSIVITY OF PROPELLANT "L,E12.4,1X, ' IN¥IN/HR',/1X,
PINGER RADIUS OF FROPELLANT' JF10.4, X, "IN, /11X,
‘RADIUS OF FROPELLANT ' ,F10.4,1X,*IN',/1X,
'COCFFICIENT OF THERNMAL EXPANSION OF FROFELLANT ' ,E12.4,1X."1/F",
JINGCCORFFICTIENT OF THERMAL ENPANSION OF CASE ', EN12.4,1X,"t/F"
VXL PTHICHRESS OF CASING' »F10.5.1X,"IN')
WRTTELS,651) ITIME,SCFD,SCFA,XKT
651 FORDATUZIX, "TOTAL TINE="',IS,
10 HES' 5, "DIURNAL AMPLITUDE SCALE=',1i0.4,5%, 'SEASONAL',
O AMPLITUDE SCALE=" ,F1Q.4.5X, 'KT="',F10..!
551 FORMATLIS,3F10.3)
READIS5,501) SU,SCR
WRITE(6,614) SU,SCR
614 FORDATE/IX, 'STRESS REQUIRED TO CAUSE FATLURE IN i MIN',E12.4,1X,'P
$SI'y5X, 'CRITICAL STRESS BELOW WHICH NO FAILURES OC HE1Z. 401X,
$ 'PSI')
READ(5,551) NAT
READ(5,552) (ITP(I),SHIFT(I),I=1,NAT)
552 FORMAT(I5,F10.2)
HRITE(6,610)
610 FORMATU/1X, ' TEMPERATURE F*,5X,'SHIFT FACTOR')
HRITE(6,611) (ITPII),SHIFT{I),I=1,NAT)
611 FORMAT(3X,15,8X,F10.3)
c DEFINE GLOBAL COHSTANTS
Wz0.2617994D0
WAzW/365.0
CALL CONST(RI,B,H+EP,PR,ALP,DIFF,EC,PRC,ALPC)
C INITIALIZE RANDOM NUMBER GEMNERATING VARIABLE ISEED
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6. ISEED=983145267
8. IR=0
9. 77 IR=IR*{
29.t WRITE(6,658)
29.2 658 FORMAT('Y*")
30. Do 1 I=1,8
3 READ(9,500,END=99) TITL
32 1 WRITE(6,602) TITL
2.1 602 FORMAT(1X,20A4)
33, READ(9,551) IANT
33 REFERENCE STRESS FREE TEMPERATURE 7SF
34 AMT=IAMT-75
35, WRITE(6,652) LAMT,IR
36. 652 FORMAT(IS,1X, 'AVERAGE ANNUAL TEMPERATURE®,5X,'LOCATION=',15)
37. READ(9,500) TITL
38. READL9,553) (CDFA(I),I=1,200)
39. 553 FORMAT(10X,F10.6)
40. KRITE(6,654)
a1 DO 2 I=1,200
4l XI=I
Q3. Xz0,5%(XI-1.)
44, 2 IF (I.LT.15) WRITE(64653) X,CDFA(I)
45, 653 FORMATIF10.2,F10.6)
46. 654 FORMAT(' SEASONAL TEMPERATURE AMPLITUDE C.D.F.'}
a7. READ(9,500) TITL
43, READU(9,553) (CDFD(I),I=t,200)
49 WRITE(64655)
50. 655 FORMATL' DIURNAL TEMPERATURE AMPLITUDE C.D.F.')
51. 00 3 I=1,200
52. XI=I
53. X=0.5#XI-0.5
54. 3 IF (I.LT.15) WRITE(6,653) X,COFD(I)
55.
55. DMG(IR)=0.
57. ATO=1.000
58. X10=0.0
59.
60. D0 & I=1,ITIME
60.1 TIME=I
61 K=(I-1)/24
61 1 K=K#2%
6t 2 K=I-1-K
62. IF (K.EQ.0) CALL RANDAY(SCFD,COFD,TOL,ISEED)
63, K=tI-1)/720
63.1 KzK#720
63.2 K=I-1-K
64. IF (K.EQ.0) CALL RANSEA(SCFA,CDFA,TAL,ISEED)
65. CALL TENPER (TIME,AMT,TAL,TOL,TEHP)
66.1 IF(TEMP+75.0.GT.ITP(1)) GO TO tO
66.15 AT=SHIFT(1)*(TENP#*75,0-ITP( 1 ) )% {SHIFT(2)-SKIFT(1))/
66.2 $ (ITP(2)-ITPLY))
66.25 GO TO 11
66.3 10 DO 12 1I=2,NAT
66.35 IF (ITPUID).LT.TEMP*75,.) GO TO 12
66.4 AT=SHIFTIII-1)¢(TEMP+25 0-ITP(II-1) I#(SHIFT{II)-SHIFT(II-1)}/
66.45 $ (ITP(II)-ITP(IX-1))
66.5 GO TO 1t
66.55 12 CONTINUE
66.6 AT=SHIFT(NAT)*(TEMP*+?75.0-ITP(NAT) )#(SHIFT(NAT }-SHIFTINAT-t))/

167




66.65
66.7
67.
67.1
67.2
68,
69.
70.
7t.
72.
75.
76.
76.01
76.02
76.03
76.t
76.2
7.
78.
79.
80.

95.19

7.

$8.

9.
100,
104,
102,
103,
104,
105.
106,
107,
t03.
109.
110.
11,

1"

NWC TP 6305

$ (ITPINAT)-ITP(NAT-1))

AT=DEXP{2.302585D0#AT)

CALL STRESS(TIME,AMT,TAL,TDL,SH)
DD=0.

SH=SH*XKT

CALL DAMAGE(SH)
OMG{IR)=DD*DMG(IR)

ATO=AT

CONTINUE

60 10 77

USE A SORTING ROUTINE HERE

IR=IR-1

KRITE(6,657)

FORMAT(*1°,1X, *RELATIVE DAMAGE')
WRITE(6,656) (I,DNG(X),I=1,IR)

FORMAT(1X, ' LOCATION=",I3,5X, 'DAMAGE=",EV12.5)
sToP

END

€336 36.36 3036 06 38 3630 3830 36 38 3636 38 3636 38 36 30 1026 38 36 36 3 36 36 3 6 36 36 38 36 34 36 363636 30 B4 30 3634 3¢ 3¢ U8 94 36 08 3¢

SUBROUTINE RANSEA(SCFA,CDFA,TAL,ISEED)
IMPLICIT REAL%*8(A-N,0-2)
REAL®3 CDFA(200)

REAL¥%G X

CALL RANDK(ISEED:X,0)

XX=X

00 4 I=1,200

X1=1

IF (COFA(I).GT.XX) GO TO 5
TAL=(0.5%XI-0.5)%SCFA
RETURN

END

(G696 36 309636 38 3636 36 30 36 36 36 30 34 36 303636 36 36 363 36 346 30 36 2 36 2030 0628 3036 00 38 36 690 36 36 36 30 06 96 3¢ 08 6 00 26 36 30 3¢

SUBROUTINE RANDAY(SCFD,CDFD,TODL,ISEED)
IMPLICIT REAL*S{A-H,0-Z)
REAL*8 COFD(2090)

REAL#4 X

CALL RANDK(ISEED:X,0)

DO 6 1=1,200

XX=X

XI=1

IF(CDFD(I).GT.XX) 60 TO 7
TOL=SCFO*(0.5%X1-0.5)
RETURN

END

30630000036 38 36 0 30 30 06 00 00 30 306 00 36 36 00 36 00 00 90 302000 20006 30 30 06 00 08 30 30 36 30 206 00 0 008 30 98 3¢ % 00

SUBROUTINE RANDK (IY, YFL, INDEX)

THIS IS A UNIFORM RANDOM NUMBER GENERATOR WRITTEN BY 6. E.

FORSYTHE IN SPRING 1969, FOLLOWING D. KNUTH, THE ART OF COMPUTER
PROGRAMMING, VOL. 2, PP. 155-156. 1T IS MUCH SUPERIOR TO RANODU,
THE RANDOM NUMBER GENERATOR FOUND IN IBM'S SCIENTIFIC SUBROUTINE
PACKAGE .

8
c
couLD
99
657
656
c
[
4
5
C
c
6
7
c
[+
[
Cc
C
[
c
c
c
[
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112, C BEFORE THE FIRST CALL OF RANDK, IY SHOULD BE SET OUTSIDE RANDK
113. C TO AN ARBITRARY INTEGER VALUE. (IN WATFOR THIS IS ESSENTIAL.)
114, C FOR PROGRAM CHECKOUT, THE INITIAL VALUE OF 1Y SHOULD BE A FIXED
115, C INTEGER. FOR RAHDOM NUMBERS DIFFERENT ON EVERY RUN (AND HENCE
tt6. C HNOT REPRODUCIBLE), DECLARE INTEGER CLOCK! AND THEN INITIALIZE
117. C IY TO CLOCK1({(4).
118. [
119. C IF RANDK IS CALLED WITH AN INTEGER INDEX = t, THEN THE OQUTPUT
120. C VALUE OF IY IS A PSEUDORANDOM INTEGER UNIFORMLY DISTRIBUTED IN THE
121. C RANGE 0 <= IY < 2#u3t,
122. c
123. Cc IF RANDK IS CALLED WITH INDEX = 0, THEN NOT OMLY IS IY PRODUCED,
12 C BUT ALSO (AT SOME EXTRA COST IN TIME) A FLOATING NUMSER YFL, UNI-
125. C FORMLY DISTRIBUTED IN THE INTERVAL 0.0 <= YFL < 1.0.
126. c
127. IY = IY#314159269 + 453806245
128. 4 IF (1Y .GE. 0) GO TO 6
129. c
139. C CAUTION: THE STATEMENT LABEL 4 IS ESSENTIAL IN ORDER TO PREVENT
131, C CERTAIN COMPILERS (E.G., FORTRAN H WITH OPT 0) FROM PERFORMING
132, C UNKANTED “OPTIMIZATIONS.*” IT SHOULD NOT BE REMOVED.
133, c
134. 5 IY = 1Y ¢ 21476483647 ¢ 1
135. Cc STATEMENT 5 ADDS 2#%31 TO NEGATIVE VALUES OF 1Y
136. c
137. 6 IF (INDEX) 7, 7, 8
138. c
139, 7 YFL = 1Y
140. YFL = YFL®*,4656613E-9
141, c
142. 8 RETURN
143, END
144. c
145. € 260636 363 3 06 36 3630 30 36 36 3 36 363606 38 3¢ 30 3¢ 36 3¢ 34 98 9 3 36 3 36 36 36 3¢ 36 36 98 94 3 36 3k 38 3¢
146, c
147. SUSROUTINE DAMAGE(S)
148. INMPLICIT REAL*8({A-H,0-2)
149. COMMON/FAIL/ZAT, TENP, DD, SU, SCR,XI0
151. IF (S-SCR .GT. 0.0) GO TO 1
t52. X10=0.0
153, RETUAN
156. 1 CN=DLOG10{S-SCR)
155. B3=9.3D0
157. XI=((S-SCR)*¥BB)I/AT
158, DD=30.000%(XI+X10)/(SU-SCR )n*BB
159. X10=XI
160. RETURN
161. END
162. c
'6}, C F6 03006 0000000 0000000000 000000 000U 00000000 OO0 OO
164. c
165. SUBROQUTINE TEMPER(T,AMT,TAL,TOL,TEMP)
166, IHPLICIT REAL¥S(A-H,0-2Z)
168. COiiliON /GREGT/ TCOSD,TSIND,TCOSY, SINY
169. COMHMON /GREGH/ WDAY,WYEAR
170. WT = WYEAR # T
7. TEMP = TAL # {TCOSY#DCOS(WT) ¢ TSINY*DSININT))
172. WT = WDAY # T
173. TEHMP = TEMP ¢ TOL®(TCOSD*DCOS(UHT)I*TSIND®OSIN(WT})
174. TEMP = TEMP ¢ ANT
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RETURN

END

SUBROUTINE STRESS(T,AMT,TAL,TDL,SH)
IMPLICIT REAL*8(A-H,0-2)

COMMON /GREGS/ SHCD,SHSD,SHCY,SHSY , SHCON
COMMON /GREGH/ WDAY,HWYEAR

WT = WYEAR » T

SH = TAL # (SHCY#DCOS(HT)+SHSY®DSIN(KWT))
HWT = WOAY®T

SH = SH *+ TOL*(SHCO*DCOS(WT)+SHSO*DSIN(WT))
SH = SH ¢ SHCON®AMT

RETURN

END

€ F636.3636. 36 363636 24 3634 30 363636 06 3¢ 36 36 36 36 3836 38 26 D636 06 0F 3000 30 3¢ 38 36 36 3¢ 36 36 06 38 3¢ 36 34 3383626 ¥4 3¢

C

10

20

30

SUBROUTINE CONST(RI,RO,H,EP,VP,ALP,DIFF,EC,VC,ALC)
IMPLICIY REAL®8 (A-H,0-2)

REAL¥8 INTC,INTS

COMPLEX*16 BOA

COMHON /GREG/ PR,E,F,DE,DF.C\D

COMMON /GREGT/ TCOSD, TSIND,TCOSY,TSINY
COMMON /GREGS/ SHCD,SHSD,SHCY»SHSY, SHCON
COMMON /GREGW/ WOAY,WYEAR

I=1

POAY = DSQRT(WOAY/DIFF)

PYEAR = DSQRTUWYEAR/DIFF)

P = PDAY

PA = PRI

CALL MMKELY(PA,BER,BEI,XKER,XKEX,IER)

BOA = DCMPLX(BEX,-BER)/DCHPLX( -XKEIL,XKER)
OREAL(BOA)

DIMAG(BOA)

= P % RO

~F/UEXE+F*F)
E/(ENE+F¥F)

PR = PA

CALL EANDF

TSINY = B¥E - A¥F
YCOSY = AWE 4 BaF
IFt1.EQ.2) GO TO 20
TSIND = TSINY

TCOSO = TCOSY

I=2
P = PYEAR
GO TO 10
I=t
P = PDAY

DENOM=(1.DO*VP)#((1.D0-2.D0%VP)*ROXRO*RI*RI }/(RO*RO-RIRI)
C ¢ (1.D0-VCHVC)#ROXEP/(H#EC)

FR = P » RO

CALL DEADF

Z1 = 2.DO*EP*ALP*(1.D0¢VP)#RO/(P*(RO*RD-RI*RI})
2S = A¥DE * BMDF

2C = A%DF - BnDE

PS = (Z1%ZS - ALC®(1.DO*VC)I*EP)/DENOM

PC = Zt»2C/DENOM

FCOM = ((Z1%Px(RO-RI)/RCI-ALCH(1.DO+VC)IEP)/DENON
2t = RO*R0O/(RO%RO-RI¥RI)
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236.
237.
238,
239.
240.
241,
242,
243.
24%.
245.
246.
247.
248.
249.
250.
251,
252,
253.
254.
255,
255,
257.
c58.
259.
260.
262,
63,
c64a,
265.
266.
267.
268.
269.
270.
e,
272,
273.
274.
275,
276,
277.
278.
279.
<80.
281.
282,
283,
284.
285.
256,
287.
288,
289.
290.
291.
292.
293.
294,
295,
296.

PC = PC * 21

PS = PS #* 21

PCON = 2.D0*Z1%#PCON

ZY = ALPHEP*RO/(P#(1.00-VP)¥(RO*RO-RI*RI))
INTC = ZiwZC

INTS = Z1#Z§

INTCON = 2.DO*ALP*EP/((1.D0O-VPI*(RO*RI})
PR = P » RI

CALL EANDF

CALL DEADF

Z\ = ALP*EP/(P*(1.D0-VP)*RI)

SHCY = ZY # (A%DF-B*DE)

SHSY = Z1 » (A%DE + B*DF)

Z1 = ALP=*EP/(1.D0-VP}

€HCON = INTCON -~ PCON - Z1

MMLO0010
MMLOOG2O
HHL00: 10
HHMLOC .0
MMLOG -0
MMLO00S0
MHLoo . 0
HMLOO: 0
MMLOOC 0
MMLOO0 O
MMLOO' O
MHLOO 20
MMLOO 30
HMLO01 40

SHCY = SHCY - Z1®(AME+B*F)

SHCY = SHCY # (INTC-PC)»2.D0

SHSY = SHSY - ZI(-A¥F+B*E)

SHSY = SHSY + (INTS-PS)%2.D0

IF(X.EQ.2) RETURN

1:=2

P = PYEAR

SHCD = SHCY

SHSD = SHSY

GO T0 30

END
[
€ FE30 30036 3036 3 36 30 34 36 363036 3636 6 36036 6 36 36 360030 369656 96 06 06 06 36 3036 3636 6 30 30 00 36 36 36 36 06 36 06 36 30 30 20 30 20 30 38 U6 3030 36 30 3090 0 00 3¢ 30 4
c

SUBROUTINE EANDF

IMPLICIT REAL¥S (A-H,0-2)

COMMON /GREG/ FR,E,F,0E,DF,C,D

CALL MMXELO(PR,BER,BEX,XKER,XKEI,IER)

E = BER + CHXKER - D¥XKEI

F = BEI # C#XKEI + D®*XKER

RETURN

END

SUBROUTINE DEADF

IMPLICIT REAL*¥8 (A-H,0-2)

COMMON /GREG/ PR.E,F,DE,DF,C,D

CALL MMKELD(PR,BER,BEI,XKER,XKEI,IER)

DE = BER ¢ C®XKER - D*XKEI

DF = BEI + C¥XKEI + D¥*XKER

RETURN

END
c SUBROUTINE MMKELO (X,BER,BEX,XKER,XKEI,IER)
c .
C~-MMKELO----=-~-~ Da-ev--- LIBRARY f-vcmmemecccamcmcacvemecacccsmmnacanamen=|
c
C  FUNCTION - EVALUATE THE KELVIN FUNCTIONS BER,BEI,KER AND
¢ KEI OF ORDER ZERO
C  USAGE - CALL MMKELO(X,BER,BEI,XKER,XKEI,IER)
C PARAMETERS X - INPUT ARGUMENT. IF X IS NEGATIVE, A WARNING
c ERROR IS PRODUCED AND VALUES OF POSITIVE
c MACHINE INFINITY WILL BE RETURNED FOR XKER
[ AND NKET.
c' BER - OUTPUT ARGUMENT
c BEI - OUTPUT ARGUMENT
c XKER - OUTPUT ARGUMENT RETURNED ONLY WHEN X IS
c POSITIVE.
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297. " XKEI = QUTPUT ARGUMENY RETURNED ONLY WHEN X i$ MLOO160
268. c POSITIVE. MMLOOt 70
299. [+ IER - ERROR PARAMETER MMLOO180
300. c TERMINAL ERROR = t28+N. MHLOO190
30t. [of N = { INDICATES THAT THE ABSOLUYE VALUE OF MMLO0200
302. c X WAS GREATER THAN 119, BER AND BEX ARE MMLOO210
303. c SET TO ZERO. IF X IS NON-NEGATIVE, XKER MMLOOR22

304. [od AND XKEI ARE ALSO SET TO ZERO. OTHERWISE, MMLOO230
305. Cc XKER AND XKEXI ARE SEY TO POSITIVE MACHINE MMLO024O
306. [ INFINITY. MMLO0250
307. c WARNING ERROR = 32 ¢ N MMLOO0260
308. c N = 2 INDICATES THAT X IS NEGATIVE. MMLOO0270
309. Cc XKER AND XKEI WILL BE RETURNED AS HMLOD28D
310. c POSITIVE MACHINE INFINITY. MHLOD290
311, c PRECISION - DOUBLE HMLOO300
312. c REQD. IMSL ROUTINES - UERTST MIML00310
3t3. c LANGUAGE ~ FORTRAN MHLOO320
314, [ e D D L e EELEL L LR PR RPN HML00330
315. c LATEST REVISION -~ APRIL 30,1975 MMLOO340
316. c . MMLOO350
317. SUBROUTINE MMKELO (X,BER,BEIXKER,XKEI,IER) MMLOO360
318. [ MML00370
319. DIMENSION C1(9),C2(9),C3(9),C4(9),EN1(9),E2(9) MMLOO380
320. ‘DOUBLE PRECISION C1,€2,C3,C4,E1,E2,PI08,RT2,XINF, MMLO0390
321, »* PI,EUL,TEN,ZERO,HALF ,ONE ,ARG,BER,BEI,B1,B2,B3, MML00400
322. * 84,CON,DC,DCH,DE ,DS,DSH,DSQ,PID2,RY1,R2,5,SM, T, MMLOO4IO
323. * TH, THOPI » Xy XKER  XKEX,Z, 21, ZIM, ZSQ) 24, ZMAX MMLOO420
324. c HMLOO0430
325. c COEFFICIENTS FOR EVALUATION OF MMLO044O
326. c BER-SUB-ZERO(X) FOR X GREATER THAN MMLOO04S50
27. c 0. AND LESS THAN OR EQUAL TO 10. MMLO0460
328. c MMLO0470
329. DATA C1(1)/5,160704650~5/,C1(2)/-4.89871257270-3/ HMLO0480
330. DATA C1(3)/.259727730007D0/,C1(4)/-7.242256727820700/11ML004S0
33t. DATA C1(5)/93.68596692971726D0/ MMLOOS00
332. DATA C1(6)/-470.9502795889968D0/ HHLO00510
3133, DATA C1(7)7678.168402766309100/ MHMLOOS520
334. DATA Cl(8)/-156.2499999995701D0/ MHMLOO530
335. DATA C1(9)/.9999999999974D0/ MILO0540
335. c MHMLOO550
337. C COEFFICIENTS FOR EVALUATION OF MMLOOS560
338. c BEI-SUB-ZERO(X) FOR X GREATER THAN 0.MMLOOS570
339. C AMD X LESS THAN OR EQUAL TO 10. MHLOOS80
340. [« MHLOO590
34t. DATA C2(1)/4.49130000-6/,C2(2)/-5.4442431750-4/ MMLOO0S00
342, DATA C2(3)/3,840288282734D-2/ MMLOO61O
343, DATA C2(4)/-1.4963342749742D0/ MMLOO620
344. DATA C2(5)/26.969033878649500/ MHLO0630
345. DATA C2(6)/-240.28075496442574D0/ MHL00640
345. DATA C2(7)/678.1684027769307D0/ HMLO0650
347. DATA C2(81/-434,027777777747900/ MMLO0660
348. DATA C2(9)/24.9999999999998D0/ MMLO0GTO
349, c MILO0680
3150. c COEFFICIENTS FOR EVALUATION OF MHLOO690
35¢. o KEI-SUB-ZERO(X) FOR X GREATER THAN MIMLOO700
352, c OR EQUAL TO 2ERO AHD X LESS THAN OR HMMLOOZ710
353. [+ EQUAL TO 10, MMLOO720
354. c MMLOO730
355. DATA C301)/1.543630470-5/,C3(2)/-1.8064777860D-3/ MILO0740
356. DATA C3(31/.1222087382192D0/ MMLOO750
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DATA C3(4)/-4.518745913263900/ HMLO00760
DATA C3(5)/81.9524771606200D00/ MIHLO00770
DATA C3(6)/-623.013671740520100/ L0076
DATA C317)/1548.484519673099200/ HHML00790
DATA C3(81/-795.717592592486600/ HMMLO0S0D
DATA C3(9)/24.999999999999300/ MMLO0S810
HHL00820
COEFFICIENTS FOR EVALUATION OF MMLO0B30
KER-SUB-ZERO(X) FOR X GREATER THAN ORMMLO0840
EQUAL TO ZERO AND X LESS THAN OR MMLOO0S850
EQUAL TO TEN MMLO0860
HNMLOOBT70
DATA Ca(11/1.2161109D-6/,C4(21/-1.797627986D-4/ MIL00380
DATA C4(3)/1.59380149705D-2/ HMLO0D9%0
DATA Ca(4)/-.806152902787600/ MML00S00
DATA C4(5)/721.2123451660231D0/ MHMLOOS10
DATA C4(6)/-255.097174271047500/ MML00920
DATA C4(7)/1153.828185281456100/ MHLO0930
DATA C4(8)/-1412.8508391203636D0/ H1L00940
DATA C4(9)/234.37500/ MHMLOO950
HHLO0960
COEFFICIENTS FOR EVALUATION OF HMLDO0970
AUXILIARY FUNCTIONS FOR X GREATER MMLOO930
THAN 10. MMLO0990
MHLO1000
DATA E1(1)/64.920-8/,E1(2)/1.4520-7/,E1(3)/1.350-8/ ©MMLOYO1D
DATA E1(4)/-1.6192D-6/,E4(5)/-1.12207D-5/ MMLO1020
DATA Et(6)/-5.178690-5/,E1(7)/7.00-10/ MMLO1030
DATA £108)/8.8388346D0-3/,E1(9)/1.0D0/ MILO10%0
DATA €2(11/-2,430-8/,E2(21/7.50-8/,E2(3)/5,9290-7/ MHMLO10O50
DATA E2(4)/1.6431D-6/,E2(5)/-7.20-9/ MHLO1060
DATA E2(61/-5.18006D-5/,E2(7)/-7.031241D~4/ HMLO1070
DATA E2(8)/-8,83883400-3/,E2(9)/0.0D0/ MLO1080
HMLO1 050
MISCELLANEOUS CONSTANTS HMLo1100
MHLOT110
DATA PI102/1.5707963267948966D0/ HHLot120
DATA TWOPI/6.28318530717955600/ MMLOY130
DATA P108/.3926990816987241500/ Lot 140
DATA RYIZ/.7071067811865475200/ MMLO1150
DATA XINF/ZTFFFFFFFFFFEFFFF/ HMLON160
DATA P1/3.1415926.5589793200/ MMLO11T70
DATA EUL/.5772156649015328600/ HhLOV 1680
DATA TEN/10.00/,2ERD/0.D0/ HALF/ .5D0/,ONE/Y.DO/ MHLO1190
DATA ZHAX/119.00/ MHMLO1Z00
IER = 0 MMLOT210
Z = DABS(X) HMLO1220
IF (Z .GT. TEN) GO TO 15 MLo1230
IF {Z .EQ. ZERO) GO T0 10 HHLO1240
CALCULATION OF FUNCTIONS FOR ABS(X) HMMLO1ZSO
LESS THAN 10, HMLO1260
Z 3 Z/TEN MHLO1270
ZSQ = ZwZ . HiLo1280
26 = ZSQ#ZSQ HHMLO 1290
B1 = C1ey) MHLOt300
82 = C2(1) MLot1310
B3 = C3(1) MMLO1320
B4 = C4(1) HMLo1330
DOSI= 2,9 MHLO 1340
BY = BIRZ4sCI(]) HMLO1 350
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417. B2 = B2wZ4tC2(I) MMLO1 360
418, B3 = BINZ4*C3(I) HMLOV 370
419, Bé = BA4%ZOC4(I) MMLOT 380
420. § CONTIMNUE MMLO1 390
421. BER = B1 MMLO1400
422, BEI = Z5Q%B2 MMLOT410
23. IF (X .LT. ZERO) GO TO 30 MMLO1420
426. R = 25Q%B3} MHLO1430
425, R2 = Z4%B4 MMLO1440
426. CON = (DLOG(X%HALF)+EUL) MMLO1450
27. XKEI = -PIO2#HALF¥BER*(R1-BEI*CON) HMLG1460
428. XKER = PIO2%HALF¥BEI-(RZ+BER¥CON} MMLO1470
429. G0 TO 9005 MMLO1480
430. c X EQUAL 0. DEFAULT TO PROPER VALUES MIMLO1490
431, 10 BER = ONE MMLO1500
432. BEL = ZERO MHLO1510
433, XKEI = -HALF®*PIO2 MNLOY520
434, XKER = XINF HILO1530
435. GO TO 9005 MMLO1540
436. c X GREATER THAN 10. CALCULATE MMLO1550
437. c AUXILIARY FUNCTIONS HILO1560
438. 15 IF (Z .GT. ZMAX) GO TO 25 MNLOI570
439, 21 = TEN/Z MHLO1580
440. 21 = -21 MHMLO1590
441, $ = E1C1) HMLO1400
442. SM = 8 MMLOI610
! 443, T = E2(1) MMLOt620
i 444, ™M=T HHMLB1630
445. DO 20 I = 2,9 MMLO1640
466. S = SHZI*EI(]) MMLOt650
; 447, T = THZIME2LI} MMLO1660
448, SH = SM¥ZIMPEI(I) MMLO1670
449, TH = TH*ZIN+E2(1) MHLD1680
450, 20 CONTINUE MILO1690
451, ARG = Z*RT2 MMLOt 700
452, DS = DSIN(ARG-PI08} MHLOt 710
453, DC = DCOS(ARG-PY08) MMLOY 720
454, DSM = DSIN(ARG+P108) MHLOt 730
455, DCH = DCOS(ARG+P108) MMLOY 740
456, DE = DEXP(ARG) HMMLO1750
457, DSQ = DSGRT(THOPI¥Z) MMLO1760
453, c CALCULATE THE DESIRED FUNCTIONS MMLOt 770
459, BER = DE*(S*DC-T*DS)/DSQ HMHMLO1780
460, BEI = DE*(T*DC+5%DS)/DSQ MMLO1790
46t IF (X .LT. ZERQ) GO YO 30 HIL01800
462, XKEI = PI#(THMXDCM-SH¥DSM)/(DEXDSQ) HHLO1810
463, XKER = PI#(SHsDCM?THXOSM)/(DEXDSQ) MMLO1B20
464, 60 TO 9005 HMMLO 830
465. c Z TOO LARGE. HHLO 1840
466, 25 BER = ZERO HMMLO1850
467. BEI = ZERO MMLOYB60
468, 1ER = 129 HHLO1870
469, IF (X .LT. ZERO) GO TO 3§ MHLO 1880
479. XKEI = ZERO tH1L01890
YR XKER = ZEROQ MMLO1900
472. GO TO 9000 tMLO1910
a73. c X LESS THAN 0. DEFAULT TO PROPER HMLOY 920
474. c VALUES MMLO1930
475, 30 IER = 34 MHLOY 940
476. 35 XKEI = XINF MMLO1950
; 174
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IF (IER .EQ. 0} GO TO 9005

9000 CONTINUE

CALL UERTST (IER,6HMMKELO)

9005 RETURN

EHD
SUBROUTINE MMKELD (X,BERP,BEIP,XKERP,XKEIP,IER)
~MMKELD=~==~==~ | I LIBRARY f-mccemmsccmccocomamnccosamanansoamn——-n
FUNCTION - EVALUATE THE DERIVATIVES OF THE KELVIN

USAGE
PARAMETERS X

BERP
BEIP
XKERP

XKEIP

PRECISION
REQD. INSL ROUTINES
LANGUAGE

LATEST REVISIOM

FUNCTIONS (BER,BEI,KER AND KEI) OF ORDER
ZERO,
CALL MMKELD(X,BERP,BEIP,XKERP,XKEIP,IER)
INPUT ARGUMENT. IF X IS NEGATIVE, A WARNING
ERROR IS PRODUCED AND VALUES OF POSITIVE

MACHINE INFINITY WILL BE RETURNED FOR XKERP

AND KEIP.

QUTPUT ARGUMENT

QUTPUT ARGUMENT

QUTPUT ARGUMENT RETURNED ONLY WHEN X IS
POSITIVE.

OUTPUT ARGUMENT RETURNED ONLY WMEN X IS
POSITIVE.

ERROR PARAMETER.

TERMINAL ERROR = 128¢N.
N = 1 INDICATES THAT THE ABSOLUTE VALUE OF

MMLO1960
MHLO1970
MHLO1980
HNLO1 990
MMLO2000
MILOZ010
MMLLOO1D
HHLLOO20
MMLLOO3O
HILL0040
MHLLOO50
HMHLLO0GO
MMLLOOT70
MHMLLO0SO
MMLLODSO
MHLLO10O
HMLLOtY1O
HHMLLO120
MHLLOV30
MMLLOY4O
HILLOYSO
MMLLO16O
MMLLOY170
MILLO180
HHLLOY 9O
MHLLOCO00
tiLLo210

X WAS GREATER THAN 119. BERP AND BEIP ARE MMLLOC20

SET TO ZERO. IF X IS NON-NEGAVIVE, XKERP

tiLoc3o

AND XKEIP ARE ALSO SET TO ZERO. OTHERWISE,HNLLOC40

XKERP AND XKEIP ARE SET TO POSITIVE
MACHINE INFINITY.
WARNING ERROR = 32*N.

N = 2 INDICATES THAT X IS NEGATIVE.
XKERP AND XKEIP WILL BE RETURNED AS
POSITIVE MACHINE INFINITY.

DOUBLE
MMKELO,UERTST
FORTRAN

SEPTEMBER 22,1976

SUBROUTINE MMKELD(X,BERP,BEIP,XKERP,XKEIP,IER)

DINENSION

DOUBLE PRECISION
»

»

*

DOUBLE PRECISION
DATA

DATA
DATA
DATA
DATA

D1(91,02(91,03(91,04(9)1,E3(9),E4(9)
ARG,BEI,BEIP,BER,BERP,B1,82.,03,84,CON,DC,DCH,
DE,DS,0SM4,05Q,01,D2,03,04,EUL,E3,€E4,PI,PIOZ,
PI0S,RT2,RIP,R2P, THOPI,U, U, V, V1, X, XINF , XKET
XKEIP,XKERXKERP,Z),ZI,ZI1125Q+23,24,ZMAX
TEN,ZERO,HALF
TEN/10.00/,ZERO/0.00/,HALF/.5D0/

MILLoC50
HIILLOZ260
MMLLO270
MHLLOZ80
MMLLOC90
MHLLO300
MHLLO3t0
MHLLO320
HMMLLOI3O
HMLLO340
MILLO350
MMLLO360
MMLLO370
MHLLO38D
MHLLO350
HHLLO400
HMLLOG1O
L o420
HHLLOSG 30
HMLLOGO
H1LL0450
HMLL 0460

COEFFICIENTS FOR EVALUATION OF BERP- MMLLO470
SUB-ZERO(X) FOR X GREATER THAN 0. ANDMMLLO480O

LESS THAN OR EQUAL TO 10.

D111)/-1.2506046D-6/,D112)/1.7014534510-4/
0103)1/-1.372460361900-2/
D1&4)/.623472634824300/
D1(5)/-164.484516949340300/
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MILLO510
HMLLO5Z0
MMLLOS3O
MHLLO540
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DATA
DATA
DATA
DATA

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

DATA
DATA
DATA
DATA
DATA
DATA
DATA
OATA
DATA
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D1(6)/150.1754718432278D0/
D1(7)/-565.1403356479436D0/
D1(8)/542.534722222214700/
D1(9)/-62.459999999999900/

COEFFICIENTS FOR EVALUATION OF BEIP-
SUB-ZERO(X) FOR X GREATER THAN 0.
AND LESS THAN OR EQUAL TO 10.

D2(1)/1.52269884D-5/,D2(2)/-1.6331100837D-3/
D2(3)/9.99147064932D~2/
D2(41/-3.291935210857900/
D2(51/52.144260897550500/
D2(6)/-336.393056902365100/
D2(7)/678.168402774753900/
D2(8)/-260.416666666553300/
02(91/4.9999999999993D0/

COEFFICIENTS FOR EVALUTION OF KEIP-
SUB-ZERO(X) FOR X GREATER THAN 0,
AND LESS THAN OR EGQUAL TO 10.

0D3(11/5.23294314D-57
D3(2)/-5.4188558408D0-3/
D303)/.3177418434686D0/
03(4)/-9.941240320972500/
03{51/147.5144585913337D0/
03(6)/-872.2191403672455D0/
D3(7)/1548.484519665203500/
03(81/-477.4305555551536D0/
D3(9)/4.9999999999975D0/

COEFFICIENTS FOR EVALUATION OF KERP-
SUB-ZERO(X) FOR X GREATER THAN OR
EQUAL TO 0. AMD LESS THAN OR EQUAL
T0 10.

D4(11/4.3682053D-6/,D04(21/-5.7520422830-4/
Dat31/4.462638621450-2/
D4al4)/-1.934766922523700/
D4(5)/42.4C46903131088D0/
D4(6)/-408.155478829257800/
D4(7)/1384.593822337245200/
D4(8)/-1130.200671296269400/
B4(9)/93.749999999999800/

MHLLOS50
HMLLO560
MHLLO570
MMLLO580
MMLL 0590
HMHLLO600
MMLLO610
MILLO620
HHILLO630
HHLLOG4O
MHLLO650
MMLLO66O
MMLLOG70
HILLO680
MHLLO690
MHLLO700
MHLLO710
MHLLO0720
MHMLLO730
MMLLO740
MMLLO750
HMLLOT760
MMLLO770
MHMLLO780
MHLLO790
MMLLOSOO
MHLLOBYO
MHLLOOZO
MMLLOS30
HHMLLOB40
HHLLOOS0
MHLLOBLO
HMHLLOBT70
HHMLLOSSO
HHMLLOBSO
MMLLO90O
HHMLLO910
HMLLO920
HMLLO930
MMLLOSYO
MHLLOS50
HMLLO960
HHLLO970
HMMLLOSSO
MHMLLOGS0

- MMLL1000

COEFFICIENTS FOR EVALUTION OF
AUXILIARY FUNCTIONS FOR X GREATER
THAN t0.

E3(1)/-5.630-8/,E3(2)/-1.671D-7/
E3(31/-1.,47D0-8/,E3(4)/1.97800-6/
E3(51/1.442550-5/,E3(6)/7.25024D-5/
E3(7)/-8.00-10/,E3(8)/-2.65165040D-2/
E3(9)/1.000/
E4(1)/-2.690-8/,E4(2)/-8.83D-8/
E4(3)/-6.992D0-7/,E4(4)/-2.004CD-6/
E4(51/7.90-9/,E4(61/7.25179D-5/
E4(7)/71.1718740D-3/,E4(8)/2.65165034D0-2/

MHLL1010
tHLL10c0
MHLL1O3O
HMLL1040
tHHLL1050
MHLLY 0G0
HHLLTO70
HHLL1080
MMLL1090
HLL1 100
HMLL1910
HHLLI120
MILL1130
MMLLY140
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597. DATA €4(9)/0.000/ MMLLY150
598. Cc HMLL1Y16O
599, c MISCELLANEOUS CONSTANTS HHMLL1170
600. c HMLL1I1ED
601, DATA PI102/1.570796326794896600/ MMLLI 190
é02. DATA TWOP1/6.283185307179586D0/ MMLLI200
603. DATA PI108/0.3926990816987241500/ MHLL1210
604, DATA RT2/0.7071067811865475200/ mLLec20
605. DATA XINF/Z7FFFFFFFFFFFFFFF/ MHLL1230
&06. DATA PI/3.141592653589793200/ MHLL1C40
607. DATA EUL/0.57721566490153286D0/ MHLL1250
608. DATA ZMAX/119.D00/ MHLL1260
609, IER = 0 HHLLI270
610, CALL MMKELO(X,BER,BEX,XKER,XKET,IER) MHMLL1ZB0
611, Z = DABS(X) MHLL1Z90
612. IF (Z .GT. TEN) GO TO 15 HMLL1300
613, IF (Z .EQ. ZERQ) GO TO 10 MMLLI310
614, [ CALCULATION OF FUNCTIONS FOR ABS(X) ILL1320
615. c LESS THAN 10. MHLLY330
616. Z = Z/TEN MMLL1340
617, 25Q = Z#Z HMMLLY1350
i 618. Z3 = ISQ*Z HHLL1360
[ 3 619, 24 = ISQZSQ MMLL1370
620. BY = D1(1) MHLLY1380
i 621. B2 = D2(1) MMLL1390
i 622, B3 = D31 MMLL1400
B4 = Daly) HMHLL1410
DO51I=2,9 MHLL1420
Bt = BI¥Z4+D1(I) HHMLL1430
B2 = B2¥Z4+D2(1) MHLL1440
B3 = B3I*Z4*D3I(I) MHMLLY450
B4 = B4®Z4+D4(]) MMLLY460
&~ CONTINUE MMLL14TO0
BERP = BiIwZ3 MHLL1480
BEIP = Z#B2 HMLL1G90
IF ¢ X .LT. ZERO) GO TO 30 HMLL1500
RIP = Z%B3 MHLLIS10
R2P = Z3%B4 MHMLLI520
CON = (DLOG(X*H{ALF} ¢ EUL) MHLL1530
V = DABS(X) MHLLIS540
XKEIP = ~PIOZ«HALF#EERP+(RIP-BEIP#CON-BEI/V) MHLL1550
XKERP = PIO2*¥HALF*BEIP-(RZP*BERP¥CON*BER/V) MHLL1560
GO TO 9005 MHMLL1IS70
c X EQUAL TO 0. DEFAULT TO PRCPER HMLL1580
[o VALUES MHMLL1590
10 BERP = ZERO MHLL1600
BEIP = ZERQ MILLIG6Y0
XKEIP = ZERO MLLI620
XKERP = -XINF MLL1630
GO TO 9005 HMLL1640
c X GREATER THAN 10. CALCULATE MHLL1650
c AUXILIARY FUNCTIONS HMLL16560
15 IF (Z .GT. ZMAX) GO TO 25 MMLLL6T70
21 = TEN/Z MMLL1680
. ZIM = -21 MLLL690
U = E3(1) HMLL1700
uM = U MHLLYIZ10
vV = Ealy) miLL1 7o
VM = V HMLLY 230
0020 I = 2,9 HMLL1740
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657. U = U*ZI*EI(I) HMLLY 750
658. V = VHZI*EG(I) MHLL1760
659. UM = UM*ZIM*E3(T) MMLLY770
660. VM = VM*ZIMYEG(I) MHLLY TS0
661. 20 CONTINUE MMLLY 790
662. ARG = Z*RT2 MMLL1800
663, DS = DSIN{ARG-PIO8) MHLL1B10
664. DC = DCOS(ARG-P108) MMLLIBZO
665. DSM = DSIN(ARG*PIO8) MMLL1B30
666. DCHM = DCOS(ARG*PI08) MMLL1840
667. DE = DEXP(ARG) MHLL1850
668. DSQ = DSQRT(TWOPI*Z) MMLL1860
669. c CALCULATE THE DESIRED FUNCTIONS HHLL1B70
670. BERP = DE#(U¥DCM-V*DSM)/DSQ MMLL1830
671, BEIP = DE*(V=DCM*U*DSM1/DSQ MMLL1890
1 672. IF (X .LY. ZERO) GO TO 30 MHLLT 900
i 673, XKELIP = -PIN(VM*DC-UM*DS)/(DEXDSQ) MHLL1910
674. XKERP = -PI*(UMDC*+VH*DS)/(DE*DSQ) MHLL 1920
675. GO TO 9005 MHMLL1930
676. c Z YOO LARGE. HHLL1 940
577, 25 BERP = ZERO MMLLE950
678. BEIP = ZERO MHLL1960
679. IER = 129 MMLL1970
680. IF (X .LT. ZERO) GO TO 35 MHMLL1980
681. XKEIP = ZERD MMLL1990
682. XKERP = ZERO MMLLZ000
i 683. GO TO 9000 trLL2010
684. c X LESS THAN 0. DEFAULT TO PROPER MHMLLC020
685. c VALUES HMLLZ030
686. 30 IER = 34 MMLLC040 :
687. BERP = -BERP MHLLZO50 ;
683. BEIP = -BEIP HHMLL2060 :
639. 35 XKERP = XINF MILL2070
690. XNEIP = XINF HMLLZ080 i
691. IF (IER .EQ. 0) GO TO 9005 HHMLLZ2090
692. 9000 CONTINUE HMLL2100
693, CALL UERTST(IER,6HHMKELD) MHLLZ110
694. 9005 RETURN MHLL2t20
695. END HMLLE1 30
696. c SUBROUTINE UERTST (IER,NAME) UERTO0010
697. c UERT0020
698. C-UERTST~--mmmcemmmme - LIBRARY f-cr-ememcesecmcceecacmmmmmccmecmcmeaee UERT0030
679. c UERT0040
700. C  FUNCTION - ERROR MESSAGE GENERATION UERT0050
701. € USAGE - CALL UERTST(IER.NAME) UERT0060
702. C PARAMETERS  IER - ERROR PARAMETER. TYPE ¢ N WHERE UERT0070
703. o TYPE= 128 IMPLIES TERMINAL EPROR UERT0080
704. (o 64 IMPLIES WARNING WITH FIX UERT0090
705. c 32 IMPLIES WARNING UERTO100
706. c N = ERROR CODE RELEVANT TO CALLING ROUTINEULRTO110
707. c NAME - INPUT VECTOR CONTAINING THE NAME OF THE UERTOD120
708. c CALLING ROUTINE AS A SIX CHARACTER LITERAL UERTO0130
709. c STRIMG. UERTO140 H
710. C  LANGUAGE - FORTRAN UERTO150
711, (R L L L L PP PP P L -=-ULRT0160
712, C  LATEST REVISION - JAMUARY 18, 1974 UERTO170
73, c UERTO180
HER SUBROUTINE UERTST(IER,NAME) UERTOt90 :
715, c UERTOZ00
716. DIMENSTON ITYP(5,4),1BIT(4) UERTO210
178
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n7. INTEGER%2 NAME(3) UERTO0220
718. INTEGER WARN,WARF , TERM, PRINTR UERTO0230
719. EQUIVALENCE (IBIT(1),WARN), (IBIT(2),WARF),(IBIT(3),TERM) UERTO0240
720. DATA ITYP /'WARN', 'ING °*,* 'y ! "y UERTO250
728, * *WARN' s "ING( ' 'WITH',* FIX',*) 'y UERTO0260
722. * ‘TERM', "INALY," e ! ' UERTO0270
723. » *NON-*,‘DEFI', 'NED ',* 'yt ty UERTOZ80
72%. » IBIT / 32,64,128,0/ UERTO290
725. DATA PRINTR /7 6/ UERTO0300
726. I1ER2=1ER UERTO0310
727. IF (1ER2 .GE. WARN) GO TO 5 UERTO320
728, NON-DEF INED UERTO0330
729. IER1=4 UERT0340
730. GO TO 20 UERTO0350
731. 5 1IF (IER2 .LT. TERM) GO TO toO UERT0360
732. TERHINAL UERT0370
733. IER1=3 UERTO0380
734, G0 70 20 UERTO0390
735. 10 IF (IERZ .LT. WARF} GO TO 15 UERTO0400
736. WARNINGIKWITH FIX) UERTO0410
737. IER1=2 UERTO0420
738. GO TO 20 UERTO0430
739. HWARNING UERT0440
740 t5 TIER1=) UERT0450
741 EXTRACT 'N° UERTO0460
742, €0 I1ER2=TER2-IBIT(IERY) UERTO0470
743. FRINT ERROR MESSAGE UERT0480
749, WRITE (PRINTR,25) (ITYP(I,IER1),I=1,5),NAME,IERD,IER UERT0490
745 25 FOFMAT(' ##% T M S LIUERTST) #wu% ' ,5A6,4X,3A2,4X,12, UERT0500
746, »* *LIER = 4,13, UERTO510
7a7. RETURN UERTO0520
748 END : UERTO0530
749. SUBROUTINE MMKELY (X,BER1,BEI!,XKERY,XKEIt,IER) HHL10360
750. MHML10370
751. DOUBLE PRECISION BER!,BEIY.BERP,BEIP,RT2,X,XINF,XKEIP,XKEIt, MML103680
752. » XKERP, XKER1,ZERO, Zt1AX MML10390
753. DATA XINF/Z7FFFFFFFFFFFFFFF/,2ER0/0.D0/ MML10400
754, DATA RT2/0.7071067811865475200/ HML10410
755. DATA ZHAX/119.00/ MHML10420
756. IER = 0 MIL10430
757. IF (X .EQ. ZERO) GO TO 15 HHML10440
758, IF (DABS(X) .GT, ZHAX) GO TO 10 ML 0450
759. CALL tMKELD{X,BERP,BEIP,XKERP,XKEIP, IER) MHML10460
760. BEI! = (BERP+REIP) ¥RT2 MHL10470
761. BERt = (BERP - BEIP) % RT2 MHML10480
762. IF (X .LT. ZERO) GO TO 5 MML10490
763. XKEI1 = (XKERP *+ XKEIP) # RT2 HIIL10500
764, XKEPY1 = (XKERP - XKEIP) # RT2 MHMLI10510
765, GO T0 9005 ML10520
766. ARGUMENT IS NEGATIVE HML10530
767. 5 XKER1 = XINF MML10540
768. NKEIV = XINF MHL10550
769 IER = 34 MHL10560
770. GO T0 9000 MHL10570
77, 10 BEIt = ZERO HML10580
772. BER1 = ZERO MML10590
773. XKERY = ZERO HIL10600
774, XKEIY = ZERO MIL10610
775, IER = 129 ML10620
76. IF (X .GT. ZERO} GO TO 9000 MHML10630
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XKER1 = XINF
XKEI1 = XINF
GO TO 9000
c ARGUMENT IS 0.0
15 BEI1 = ZERO
BER! = ZERO
XKERY = -XINF
XKEI1 = -XINF
60 TO 9605

9000 CONTINUE
CALL UERTST(IER,6HMMKELY)
9005 RETURN
END
//GO.FTO09F001 DD DSN=WYL.X5.A95.DATA,DISP=SHR
//G0.SYSIN DD #=
RELATIVE DAMAGE IN STORAGE LOCATIONS
10 0.4 0.667 2.0
30000000, 450. 0.499 0.30 1.1
6.0E-6 0.06
160.0 8.
"
-60 5.59
-40 4.46
-20 3.47
0 2.59
20 1.81
40 1.18
60 0.48
80 -0.08
1660 -0.59
120 -1.16
140 -1.48
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0.1 /7 JOB (A95%$X5,516,0.25,10), 'GEORGE DERBALIAN'
0.15  /%JODPARM FORMS=1481
0.2 // EXEC FORTCLG
0.25 //FORT.SYSIN DD #
0.3 C// EXEC WATFIV
0.35 C//GD.SYSIN DD =
0.4 CSRATFIV
0.41 C
0.412 C CAPTIVE.FLIGHT
0.414 C GEORGE DERBALIAN
0.4t6 C APRIL 1981
0.418 C THIS PROGRAM COMPUTES ROCKET DAMAGE DURING CAPTIVE FLIGHT
0.42 €
0.45 INPLICIT REAL¥8(A-H,0-2)
0.5 COMMON /GREGW/ W, HA
0.55 COMMON/FAIL/AT,TENP,DD, SU,»SCR,XI0
0.6 DIMENSION ITP(25),SHIFT(25),TITL(201,COFA(200),COFD(200),0MG(100)
READ(5,500) TITL
. WRITE(6,600) TITL
1 500 FORHAT(20A4)
2 600 FORMAT('1°',/20X, '#xn *, 2044, Nux')

READ(S5,551) ITIME,SCFD,SCFA,XKT

IF (¥KT.EQ.0.0) XKT=1.0

READ(5,501) EC,EP,PR,PRC,DIFF,RI,B,ALP,ALPC,\H

FOCHMAT(8F10.3)

WRITE(6,601) EC,EP,PR,PRC,0IFF,RI,B,ALP,ALPC,H

601 FORMAT(/1X, 'NMCDULUS OF CASING®,F15.2,1X,'PSI',/1X,
$ 'MODULUS OF FROPELLANT ',F15.2,1X,'PSI',/1X,
1 'POISSON"S RATIO OF PRQPELLANT',F10.4,/1X,
2 'POISSON"S RATIO OF CASE',F10.4,/1X,
3 *THERMAL DIFFUSIVITY OF PROPELLANT *,E12.4,1X, 'IN®IN/KR',/1X,

10. $ 'INMNER RADIUS OF FROPELLANT',F10.4,1X,'IN',/1X,
4
5
6
$

-

50

.

-

VPNV DUWWNROMN -
-

‘RADIUS OF PROPELLANT *,F10.4,1X, ' IN",/1X,

12. 'COEFFICIENT OF THERMAL EXPANSION OF PROPELLANT *,E12.4,1X,"V/F',
13. /1X+'COEFFICIENT OF THERMAL EXPANSION OF CASE ‘',E12.4,X,'t/F"
14. /1%, *THICKHESS OF CASING'»F10.5,1X,'IN")

15. WRITE(6,651) ITIME,SCFD,SCFA,XKT

16. 651 FORMAT(/1X, ‘TOTAL TIME=',I5,

17. 1 ' HRS*,5X, 'DIURMNAL AMPLITUDE SCALE=',F10.4,5X, SEASONAL',

18. 2 ' AMPLITUDE SCALE=',F10.4,5X,'XKT=",F10.2)

19, 551 FORMAT(I5,3F10.3)

19. READ(5,501) SU,SCR

19. WPITE(6,614) SU,SCR

19. 614 FORMAT(/1X, 'STRESS REQUIRED TO CAUSE FAILURE IN t MIN',E12.4,1X,'P

1

4

3

4 $SI',5X, '"CRITICAL STRESS BELOW WHICH NO FAILURES OCCUR',E12.4,1X,
19.5 ¢ 'PSI")

51 READ(5,551) NAT

52 READ(5,552) (ITP(I),SHIFT(I),I=1,NAT)
19.525 552 FCRMAT(IS5,F10.2)

19.53 HALTE(64610)

19.54 610 FORMAT(/1X, 'TEMPERATURE F'+5X, 'SHIFT FACTOR')
19.55 WRITE(6,611) (XTP(I),SHIFV(I)},I=t,NAT)

19.56 611 FORMAT(3X,I15,8X,F10.3)

co. c DEFINE GLOBAL CONSTANTS

21. W=0.261799400

22. WAZH/365.0

23. CALL CONST(RI,B,H,EP,PR,ALP,DIFF,EC,PRC,ALPC)
25, C INITIALIZE RANDOM NUMBER GENERATING VARIABLE ISEED
26. ISEED=983145267

27. c

181




n
w
N -

76.01%
76.02
76.03
76.1
76.2
7.
78.
79.

NWC TP 6305

IR=0
77 IR=IR#+Y
WRITE(6,658)
658 FORMAT(*1°)
READ(5,551,END=99) IAMT,SD
C REFERENCE STRESS FREE TEMPERATURE 75F
IAMT=IANT-75
KRITE(6,652) IAMT,SD,IR
652 FORMAT(I5,1X,'AVERAGE ANNUAL TEMPERATURE',5X,'SD=',F10.2,5X,
$ 'LOCATION=',I5)

C
DMG(IR)=0.
ATO=1.0D00
X10=0.0
TAL=0.0
TOL=0.0

c

DO & I=1,ITIME
TIME=I
CALL AMPL(SD,AMP,ISEED)
AMT=IAMT+ANP
CALL TEMPER (TIME,AMT,TAL,TDL,TEMP)
IFCTEMP#75.0.GT.ITP(1)) GO TO 10
AT=SHIFT(1 )+ (TEMP+75,0-1TP( 1) )%(SHIFT(2)-SHIFT(1) )/
$ (ITP(2)-ITPLI))
GO TO 11
10 DO 12 II=2,NAT
IF (ITP(II).LY.TEMP*75.) GO TO 12
AT=SHIFT(II-1)+(TEMP+75.0-ITPUIT-1) I(SHIFT(IX)-SHIFT(IZ-1))/
$ (ITP(II)-ITP{II-1))
GO TO 11
12 CONTINUE
AT=SHIFT(NAT)+{TEMP+75.0-ITPINAT ) )% { SHIFT(NAT }-SHIFTINAT-1))/
$ (ITP(NAT)-ITP(NAT-1))
11 AT=DEXP(2.30058500%AT)
CALL STRESS{TIME.AMT,TAL,TOL,SH)
bDD=0.
cc WRITE(6,640) I,SH
CC640 FORMAT(IX,'TINE=',15,5X, 'STRESS="',E12.5)
SH=XKT#SH
CALL DAMAGE(SH}
DMGI IR )=DD+DMG( IR)
ATO=AT
K=I/100
K=K*100
K=I-K
IF (K.EQ.0) WRITE(6,64%) I,DMG(IR),TEMP
641 FORMAT(1X, *TINE=*,15,5X, 'DAMAGE=",E12.5,5X, ‘'TEMP=',F10.2)
8 CONTINUE

GO 10 77
COULD USE A SORTING ROUTINE HERE
99 IR=IR-1

HRITE(6,657)

657 FORMAT{'1',1X, 'RELATIVE OAMAGE')
WRITE(6,656) (I,DMG(I),I=1,IR)

656 FORMAT(1X,'LOCATION=',13,5X, 'DAMAGE=",E12.5)
sTOP
END
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(3600606036006 36 36 6 0 0 00 0096 06 0636 0096 38 1690 36 .08 36 36-36 30 36 34696 36 3 36 36 36 606 1 D 36 6.9 6 06 3 9646 6 34
c
SUSRCUTINE RANSEA(SCFA,CDFA,TAL,ISEED)
IMPLICIT REAL*8(A-H,0-Z)
REAL¥8 COFA(200)
REAL*4 X
CALL RANDK(ISEED,X,0)
XX=X
DO ¢ I=1,200
XI=1
4 IF (CDFA(I).GT.XX) GO TO 5
5 TAL=(0.5%XI-0.5)%SCFA
RETURN
EHD
c
36 063696 06 136 36 336 0606 6 060 98 00636 306 3630 303606 36 3036 36 06 06 636 3636 96 36 38 36 96 3696 36 36.30 W 36 .06 .06 -0
c
SUBROUTINE RANDAY(SCFD,CDFD,TDL,ISEED)
IMPLICIT REAL%8(A-H,0-Z)
REAL*8 CDFD(200)
REAL¥G X
CALL RANDK(ISEED,X,0)
DO 6 I=1,200
XX=X
XI1=1
6 IF(CDFD(I).GT.XX) GO TO 7
7 TDL=SCFD*(0.5%XI-0.5)
RETURN
END
c
€ 39606 30369636 30 36 36 .0636.30 36 306336 3636 3636006 3.0 39630 30 6 006 06 100 0 000 300 2006 0 06 2 0
c
SUECPOUTINE AMPL(SD,AMP,ISEED)
IMPLICIT REAL®8(A-H,0-2)
REAL*4 P
A0=2.30753
A1=0.27061
B120.99229
B82=0.04431
CALL RANDK(ISEED,P,0)
PP=1.0-P
IF (PP.GT.0.5) GO TO
V=DSIRT(DLOG(1./PP/PP))
AMP=(V-CAQ+AI¥V)/( 1, 04BIXVIB2#VEV) )%SD
RETURN
1 PP=1.0-PP
V=DSCRT(DLOG(1.0/PP/PP))
AUP=(-VH(AQTAI*V /(1. 0¢BI#VIB2AVEY) )uSD
RETURN
END

63000000600 3036 00 00 08 36 06 030 08 36 0060606 3008 2606 36 08 06 0030 38 30 00000606 36 06 06 3000 38 00 2030 04 90 0 04 00
SUBROUTINE RANDK (IY, YFL, INDEX)

THIS IS A UNIFORM RANDOM NUMBER GENERATOR WRITTEM BY G. E.
FORSYTHE IN SPRING 1969, FOLLOWING D. KNUTH, THE ARY OF CONMPUTER
PROGRAMMING, VOL. 2, PP. 155-156. 1IT IS MUCH SUPERIOR TO RANOU,
THE RAHOOM NUMBER GENERATOR FOUND IN IBM'S SCIENTIFIC SUBROUTINE
PACKAGE .

oocoOoo0o0n aon
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BEFORE THE FIRST CALL OF RANDK, 1Y SHOULD BE SET OUTSIDE RANDK
TO AN ARBITRARY INTEGER VALUE. (IN WATFOR THIS IS ESSENTIAL.)
FOR PROGRAM CHECKOUT, THE INITIAL VALUE OF IY SHOULD BE A FIXED
INTEGER. FOR RANDOM NUMBERS DIFFERENT ON EVERY RUN (AND HENCE
NOT REFRODUCIBLE), DECLARE INTEGER CLOCK! AND THEN INITIALIZE
IY TO CLOCK1{4).

IF RANDK IS CALLED WITH AN INTEGER INDEX = 1, THEH THE OUTPUT
VALUE OF IY IS A PSEUDORANDOM INTEGER UNIFORMLY DISTRIBUTED IN THE
RANGE 0 <= IY < 2%%31,

IF RANDK IS CALLED WITH INDEX = 0, THEN NOT ONLY IS IY PRODUCED,
BUT ALS0 (AT SOME EXTRA COST IN TIME) A FLOATING NUMDER YFL, UNI-
FORMLY DISTRIBUTED IN THE INTERVAL 0.0 <= YFL < 1.0.

IY = IY#314159269 ¢+ 453806245
4 IF (IYy .GE. 0) GO TO 6

CAUTION: THE STATEMENT LABEL 4 IS ESSENTIAL IN ORDER YO PREVENT
CERTAIN COMPILERS (E.G., FORTRAH H WITH OPT 0) FROM PERFORMING
UHHANTED "OPTIMIZATIONS.' IT SHOULD NOT BE REMOVED.

5 IY = IY + 2147483647 + 1
STATEMENT 5 ADDS 2%%31 TO NEGATIVE VALUES OF IY

6 IF (INDEX) 7y 7 8

7 YFL = IY
YFL = YFL®.4656613E-9

8 RETURN
END

A0 26063003 022606 D326 3636 30 3 3 36 30 6 36 36 320 0 3 66 00 08 B3 00 30 0 3¢ 6 34 36 34 3¢

SUBROUTINE DAMAGE(S)
IHPLICIT REAL¥S(A-H,0-2)
COMION/FAIL/AT, TEMP,DD, SU,SCR, XI0
IF {5-SCR .GT. 0.0) GO TO 1
X10=0.0
RETUSN

1 CHM=DLCG10(S-SCR)
85:9.3D0
XI=((S-SCRI**EBI/AT
DD=30.0D0%(XI+X10)/(SU-SCR)%#BB
XI10=XX
RETURN
END

B0 06 3836 04 0 36 36 06 36 38 36 36 30 3¢ 3 36 36 36 3030 N6 3 06 30 3 D 06 6 34 206 30 M0 36 66 0 06 38 36 3 0 3 A 0 6 3 90 90

SUBROUTINE TEMPER(T,AMT,TAL,TOL,TEMP)

IMPLICIT REAL*8{A-H,0-2Z)

COMMON /GREGT/ TCOSD,TSIND,TCOSY,TSINY

COMMON /GREG!N/ WKDAY,WYEAR

WY = WYEAR » T

TEMP = TAL * (TCOSY®DCOS(WT) + TSINY®DSIN(WT))

WY = WOAY # T

TEMP = TEMP ¢ TOL*(TCOSD¥DCOS(WT)+TSIND*DSININT))
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174. TEMP = TEMP + AMT

175. RETURN

176. END

177. SUCROUTINE STRESS(T,AMT,TAL,TDL,SH)

178. INPLICIT REAL®8(A-H,0-2)

180. COMMON /GREGS/ SHCD,SHSD,SHCY, SHSY, SHCON
181. COMMON /GREGHW/ WDAY,HWYEAR

182, WT = HYEAR % T

183. SH = TAL #* (SHCY*DCOS(WT)+SHSY®DSIN(KNT))
184, WT = HDAYST

185, SH = SH ¢ TDL*({SHCD*DCOS(WT)+SHSD¥DSIN(WT))
166, SH = SH *+ SHCON®AMT

187. PETURN

188. END

189. c

190. 9600 00 066 3030 50 30300636 34 6309006 3036 36 96 36 3306 38 36 6 36 0-36 36 96 3636 36 06 3 6 34 96 36 10 .96 34 ¢ 9698 04
191, c

192. SUCROUTINE CONST(RI,RO,H,EP,VP,ALP,DIFF,EC,VC,ALC)
193, IMPLICIT REAL¥S (A-H,0-2)

194, REAL~S8 INTC,INTS

195, COHPLEX#16 BOA

196. COMMON /GREG/ PR,E,F,DE,DF,C,D

197. COMMON /GREGT/ TCOSD, TSIND,TCOSY, TSINY

168. COMMON /GREGS/ SHCD»SHSD,SHCY, SHSY, SHCON
199. COMMON /GREGW/ WDAY,WYEAR

200. 1=1

201, PDAY = DSQRT(WDAY/DIFF)

zo02. PYEAR = DSQRT(WYEAR/DIFF)

203 P = PDAY

204, 10 PA = P * RI

205, CALL MMKEL1(PA,BER,BEI,XKER,XKEI,IER)

206. BOA = DCHPLX{BEI,-BER}/DCMPLX(~-XKEI,XKER)
207. C = DREAL(EOA)

208. D = DIMAG(3S0A)

209. PR = P % RO

210, CALL EANDF

211, A = -F/(EXESFX%F)

212, B 5 E/(EXEYF%F)

213 PR = PA

214, CALL EANDF

215. TSINY = B¥E - ANF

216. TCOSY = ASE + Bxf

217. IF(1.€Q.2) GO TO 20

218. TSIKD = TSINY

219. TCOSD = VCOSY

220. I=2

22t. P = PYEAR

222. © GO TO 10

223, 201 = 1

224, P = PDAY

225. DEHCHM=(1.D0+VPI®((1.D0-2.D0%VP)*RO¥RO*RI¥RY )/{RO*RO-RI#RI)
226. C ¢+ (1.00-VCHVCINRO*EP/(H*EC)

227. 30 PR = P # RO

228. CALL DEADF

229. ZY = 2.DOXEP*ALP#(1.DO+VP)*RO/(P#(ROXRO-RI*RI})
230. ZS = AXDE + BXDF

23, ZC = A%DF - B*DE

232. PS = (Z1%ZS - ALCH{1.D0¢VCIHEP)/DENOM

233. PC = Z1#ZC/DENOM

23%. PCON = {(ZI{#P*(RO-RI)/RO)-ALC*(1.D0¢VC I*EP )/DENON
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235. Z1 = ROMRO/(ROXRO-RIXRI)
236. PC = PC # 2%
237. PS = PS % Z%
238. PCON = 2.D0%Z1%PCON
239. Zt = ALPEP¥RO/(P*(1.DO-VP)%(ROXRO-RIXRI))
2640. INTC = Z1%ZC
241, INTS = Z1#2S
242. INTCON = 2.DO%ALP*EP/((1.D0-VP)%(RO*RI))
243, FR = P » RI
244, CALL EANDF
245, CALL DEADF
246. Z1 = ALPREP/(P*(1.D0-VP)¥*RY)
247. SHCY = Z1 * (AxDF-B*DE)
248. SHSY = Zi{ # (A%DE + B¥DF)
249. Z1 = ALPXEP/(1.D0-VP)
250. SHCON = INTCON - PCON - Z{
251. SHCY = SHCY - Zi#(AME+BNF)
252, SHCY = SHCY + (INTC-PC)»*2,D0
253. SHSY = SHSY - Zi%(-A¥FBXE)
254. SHSY = SHSY * (INTS-PS)*2.D0O
255. IF(I.EQ.2) RETURN
256. I =2
257. P = PYEAR
258. SHCD = SHCY
259. SHSD = SHSY
260. GO TO 30
262. END
263. o
i 264, C 363096 003636 36 36 9 36 3 30 36 26 36 36 36 6 30 3436 3636 36 36 36 36 36302636 3636 36 636 38 9808 36 36 3636 36 36 36 0 08 36 36 36 3006 36 36 30 36 36 08 3090 3¢ 06 6 3090 36 36 30
! 265, [«
266. SUBROUTINE EANDF
267, IMPLICIT REAL¥8 (A-H,0-Z}
268. COMMON /GREG/ PR,E,F,DE,OF,C,D
269. CALL MMKELO(PR,BER,BEXI,XKER,XKEI,IER)
270. E = BER + C*XKER'- D¥XKELl
271. F = BEI *+ CxXKEI + Dx*XKER
k72. RETURN
273. END
274. SUDROUTINE DEADF
275. INPLICIT REAL*S (A-H,0-2)
276. COMYON /GREG/ PR,E,F,DE,DF,C,D
277. CALL MMKELD(FR,BER,BEI,XKER,XKEX,IER)
278. DE = BER ¢+ C#XKER - D¥XKEI
279, DF = BEI + CHXKEI + D¥XKER
280, RETURM
281. EHD .
282. C SUCROUTINE MMKELO (X,BER,BET,XKER,XKE1,IER) MMLOOO10
83, c o000
254, C-MMKELO----~-~-- D----v=- LIBRARY f-cc-ceeoccccacccccccnaccucancccancccand HHLO0030
265. [« MHLO0040
286. Cc FUNCTION - EVALUATE THE KELVIN FUNCTIONS BER,BEJ,KER AND MHMLOOO50
287. c KEI OF ORDER ZERO MML00060
c88. C  USAGE = CALL MMKELO(X,BER,BEI,XKER,XKEI,1ER) MMLO0070
289. (o PARAMETERS X - INPUT ARGUMENT. IF X IS NEGATIVE, A WARNING MMLO0080
290. Cc ERROR IS PRODUCED AND VALUES OF POSITIVE MMLO0090
29t . c MACHINE INFINITY MILL BE RETURNED FOR XKER MHLOOY0O
292. Cc AHD XKEX. MMLOOY 10
293. Cc BER - OUTPUT ARGUMENT MMLOOI20
294, c BEIL =~ OUTPUT ARGUMENT MMLOO130
235. [ XKER = OUTPUT ARGUMENT RETURNED OMLY WHEN X IS MiL00140
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296. C POSITIVE. MMLO0150
297 c XKEI - OUTPUT ARGUMENT RETURNED ONLY WHEN X IS HHLOO160
293 [ POSITIVE. HIL00Y 70
299. C IER - ERROR PARAMETER HHL00180
300 C TERHINAL ERROR = 128*N. MMLOOY 90
301 [o N = 1 INDICATES THAT THE ABSOLUTE VALUE OF MMLOOC00
302 c X WAS GREATER THAN 119. BER AMD BEI ARE MHLOOZ210
303 c SET TO ZERC. IF X IS HON-NEGATIVE, XKER HMLOD22
304, C AND MKEI ARE ALSO SET 7O ZERO. OTHERWISE, HMLOODR30
105 c XKER AHD XKEI ARE SET TO POSITIVE MACHINE HMMLOOC240
305 C INFINITY. HML00250
3107. C WARNING ERROR = 32 + N MMLO0260
303 C N = 2 INDICATES THAT X IS NEGATIVE. MMLOD270
309 c XKER AND XKEI HWILL BE RETURNED AS MMLOOCB0
310. C POSITIVE MACHIMNE INFINITY. MHLOOLC90
31t [ PRECISION - DOUBLE HHLPO300 j
312 o REQD. IhSL ROUTINES - UERTST MMLCO390 :
33 c LANGUAGE - FORTRAN HMLOO320
314, Crmemmmmee e c e c e o B i L ainieiat bl memeese——— MHLOO330D
315 c LATEST REVISION - APRIL 30,1975 MHLO0340
316 c HMMLO0350
7. SUERQUTINE MMKELO (X,BER,BEI.XKER,XKEI,IER) Hir1L00360
318. [ MMLOO370
3'9. DIMENSION C1(9),C2(9),C3(9),C4(9),EV(9),E219) MIL00380
320. DOUSLE PRECISION €1,C2,C3,C4%,E1,E2,PI08,RT2,XINF, MHLOO3S0
32%. * PI1,EUL,TEN,ZERO,HALF,ONE, ARG,BER,BET,B1,B2,B3, MIMLOO400
; 322. * B4,CON,DC,DCM,DE,DS,DSM,05Q,PIOZWRY,RR,5,5H, T, MMLCO41D
h 323. * TH, TROPI, X, XKER \XKEY,Z,ZI,ZIH,Z5Q, 24, ZMAX MHLOOS20
324 [ MHLO0430
325. [ COEFFICIENTS FOR EVALUATION OF MHEODG40
326. c BER-SUB-ZERO(X) FOR X GREATER THAN  HMIL00450
327. c 0. AHD LESS THAN OR EQUAL TO 10. MHLOO460
. 328. c MME00970
¢ 329. DATA C101)/5.160704650-5/,C1.. ‘-4.8987125727D-3/ MHLO0480
330. DATA C113)/.25977730007D0/,C1(4)/-7.2422567278207D0/MNLO0490
33t. DATA C1(51/93.8596692971726D0/ MHLOOS00
332, DATA C1161/-470,9502795088996300/ MHMLO0S510
333. DATA C1(7)/678.168402766309100/ MHLO0S520
334, DATA CtiB81/-156.249999959570100/ HMHMLO0530
335. DATA C1{9)/.9999999999974D0/ MHLOES40
335. o HMLO0S50
337. c COEFFICIENTS FOR EVALUATION OF MHL00560
338. c BEI-SUB-ZERO(X) FOR X GREATER THAN 0.Mt1L00570
339. c AHD X LESS THAH OR EQUAL TO 10. MMLO0S530
340, [ MMLO0590
341, DATA C2(1)/4.49130000-6/,C2(2)/-5.4442431750-4~ HMLOO0600
342, DATA C2(3)/3.684288282734D-2/ MHLO0610
343, DATA C204)/-1.496334274%974200/ HHMLOO620
344, DATA C2(5)/28.969033378649900/ MHL00630
345, DATA C2(6)/-240.2807549442574D0/ HHLO0640
366, DATA C2(71/7678.168402776930700/ HHLO0650
347. DATA C2181/-434.0277777777+7900/ MHLOO660
349, DATA C2(91/24.9999999999998D0/ MMLOO670
359, c HMHLO0680
350. c COEFFICIENTS FOR EVALUATION OF HHLO06 90
351, c KEI-SUB-ZERO(X) FOR X GREATER THAN  HNMLO0700
3s2. [~ OR EQUAL TO ZERO AND X LESS THAN OR HMMLOO7Y0
353, c EQUAL TO 10, HMLOO720
354. c MIL00730
355. DATA C3(11/1.543630470-5/,C3(21/~1.8064777860D~3/ NMLOO740
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356. DATA C3(3)/.122208738219200/ MMLO0750
357. DATA C3(4)/-4.5187459132639D0/ HHLOO760
359, DATA C3(5)/81.952477160620000/ HHLO0770
359. DATA C3(6)/-623.0136717405201D0/ MMLOO7680
360. DATA C317)/1548.4845196730992D0/ MHLOO790
36%. DATA C3(8)/-795.7175925924866D0/ HMLO0SO0O
362. DATA C3(9)1/24.9999999999993D0/ MMLOOS10
363, c MMLOOB20
364, C COEFFICIENTS FOR EVALUATION OF MHLO0830
365. c KER-SUB-ZERO(X) FOR X GREATER THAN ORMMLO00840
356. c EQUAL TO ZERO AND X LESS THAN OR HMLO08S50
3567. C EQUAL TO TEN MHLO0860
368. c MHML00870
369. DATA Cal1)/1.21611090-6/,C4(2)/~1.797627986D-4/ MML00830
370. DATA Ca4(3)/1.593801497050~2/ MMLO0890
37%. DATA C4(4)/-.806152902787600/ HHL00900
372. DATA Ca(5)/21.2123451660231D0/ HMLO00910
373. DATA Ca(6)/-255.097174271047°D0/ HMLOO920
374. DATA C4(7)/1153.8281852814561D00/ MMLOO930
375, DATA C4(8)/-1412.850839120363600/ MHLO0940
376. DATA C4(9)/234.375D0/ HMLO09S0
377. c MHLOO960
378. c COEFFICIENTS FOR EVALUATION OF MMLO0970
379. C AUXILIARY FUNCTIONS FOR X GREATER HML00980
380. c THAN 10. MMLO0990
381. c I1L01000
382. DATA E1(1)/4.92D-8/,E1(2)/1.4520-7/,E1(3)/1.350-8/ MHMLO1010
383. DATA E1(4)/-1.61920-6/,E1(5)/-1.12207D-5/" HMLO1020
386. DATA E1(6)/-5.178690-5/,E1(7)/7.00~-10/ MHL01030
3a5. DATA E1(8)/8.8388346D-3/,E1(9)/1.000/ MILO1040
386. DATA E2(1)/-2.43D-8/,E2(21/7.5D-8/,E2(3)/5.929D~-7/ MMLO1050
137. DATA E2(4)/1.6431D-6/,E2(5)/-7.20-9/ MHLO1060
3s8. DATA E2(61)/-5.18006D-5/,E2¢7)/-7.0312410-4/ MHMLO1070
389. DATA E2(8)/-8.8388340D-3/,E2(9)/70.000/ MHLO1050
390. c HHMLO1090
39 c MISCELLANEOUS CO'ISTANTS MHLOY1100
392 c HHLO1 110
393. DATA PI02/1.5707963267948566D0/ MHMLOYVIZO
359, DATA TWOPI/6.283185307179586D0/ HMLO1130
395. DATA PI08/.3926990816°87241500/ Lot 140
366. DATA RT2/.7071067811865475200/ MHLOY150
337. DATA XINF/2Z7FFFFFFFFFFFFFFF/ MIL0Y 160
393. DATA PI/3.1415926535897932D0/ MINLO1170
399, DATA EUL/.57721566490153286D0/ MMLO1 180
400. DATA TEN/10.D0/,ZERD/0.D0/,HALF/.5D0/,0NE/1.D0/ MHLO1190
401, DATA ZMAX/119.D0/ MMLO1C0D
2. IER = 0 HHLOI121O
403. Z = DABS(X) HHLOY22

404, IF (Z .GT. TEN) GO TO 15 HHLO1230
405. IF (2 .EQ. ZERO) GO TO 10 MHLOY 240
406, c CALCULATION OF FUNCTIONS FOR ABS(X) HMLO1250
407. c LESS THAN 10. MHLOSI 260
%08. Z = Z/TEN MMLO1270
409, ZSQ = Z%Z MHMLOY1 280
410, 24 = I5Q%ZSQ MMLO1290
4tt. B1 = C1t1) MHLO1300
412, B2 = C2(1} HHMLO1310
@13, B3 = C3(1) MMLOT320
414, B4 = C4L1) HMLDY 330
415, 0051 = 2.9 HMLO 1340
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474,
475.

o0

5

15
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B1 B1%Z44CH(1)

B2 B2#Z44C2( 1)

B3 = B3%Z4+C3(I)

B4 = BI%ZGCa(I)
CONTINUE
BLR = B1
BET = Z5QuB2
IF (X .LT. ZERO) 60 TO 30
R1 = Z5QsB3

CON = (DLOG(XHALF)+EUL)
-PIO2%HALF*BER*(RY-BEI*CON}
PIC2XHALF*BEI~(R2+BERNCON)
GO 10 %005

%
>
™m
ol
o

X EQUAL 0. DEFAULT TO PROPER VALUES

BER = ONE
BEI =
XKEI = ~-HALF»*PIO2
XKER = XINF
GO TO 9005
X GREATER THAN 10. CALCULATE
AUXILIARY FUNCTIONS
IF (Z .GT. ZMAX) GO TO 2%

ZI = YEN/Z
Zin = -Z1

S = E1(Y)

S =S

T = EAUN

™ T

DO 20 I = 2,9

T*ZI+E2(I)

M = SHRZIM*EI(I)

TH = TH*ZIM*E2(])
CONTINUE
ARG = ZwRT2
DS = DSIN(ARG-PIODS)
DC = DCOS(ARG-PIOS)
DSH = DSIN(ARG*PI08)
BCH = DCOS(ARG*PIDY)
DE = DEXP(ARG)
DSQ = DSIRT(THOPI*Z)

2

S = S¥ZIEN(T)
T =

S

CALCULATE THE ODESIRED FUNCTIONS
BER = DE(S¥DC-T+*DS)/DSQ
BEI = DE%(TxDC+5%D5)/0SQ
IF (X .LT. ZERO) GO TO 30
XKEI = PI®*(TH*DCM-SH*¥DSM)/(DE*DSQ)

XKER = PIX{SM*DCHM*TM*D3M)/(DE*DSQ)
GO TO 9005
Z 700 LARGE.
BER = ZEROD'
BEI = ZERO
I1ER = 129
IF (X .LY. ZERO) GO TO 35
XKEY = ZERO
XKER = ZERO
GO TO 9000 .
X LESS THAN 0. DEFAULT YO PROPER
VALUES
IER = 34
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MMLO1350
HMLO1360
MMLO1370
HMLO1330
HMLOY 390
HMLO1400
MHLO1G10
MHLO14C0
HHLO1430
MHLO1440
MHLO1450
MItL 01460
HHLO1470
HHMLO1480
MHLO1490
MHLO1500
MHLO1510
MIL01520
tMLO1530
HMHL01540
MHLOt550
MHLO1560
HMHLOt570
HHL01580
MHLO1590
MHL0Y1600
HHLo1610
MHLDY620
MHMLO1630
MHLO1640
MMLO1650
HHLO1660
HHLO1670
MHLO1680
MHLO1650
MMLO1700
MHLOt 710
HIL01700
L0730
HHLO1740
HMHLOT 750
MHLO1760
MHLOY1 770
Lot 780
MHMLO1 790
HHLO1800
HML01810
HHLO1&20
HML01830
MHLO1840
M 01050
HIHLO1860
Hi1Lot870
HHLO1880
MHLO 1890
HHMLO1900
HHLO1910
MHLO1920
MHMLO1930
HHLO1940
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-
476. 35 XKEI = XINF MMLO 1950
477. XKER = XINF HHMLD1960 .
478. IF (IER .EQ. 0) GO TO 9005 tLot970
479, 9000 COMTINUE MHMLO1930
430. CALL UERTST (IER,6HMMKELO) t#L01990
“31. 9005 RETURN MML02000
482, END MHMLO2010
483. [ SUCROUTINE MMKELD {X,BERP,BEIP,XKERP,XKEIP,IER) MMLLOOY1O
486, c MMLLOO20
485, C-MMKELD-~-~=~=~-~ D-mmmvm= LIBRARY f~-vemmcccncmccommcraceomacnnmcaas wwe===-MMLLOO3O
4386, c MMLLOOGO
487. € FUNCTION - EVALUATE THE DERIVATIVES OF THE KELVIN MMLLOOS0
438, c FUNCTIONS (BER,BEI,KER AND KEI) OF ORDER MHMLLO060O
489. [ ZERO. MiLLOO70
490, C  USAGE - CALL MMKELD(X,BERP,BEIP,XKERP,XKEIP,JER) MHLLOOBO
@91, C  PARANETERS X ~ INPUT ARGUMENT. IF X IS NEGATIVE, A WARNING  MILLOO9D
452, c ERROR 1S PRODUCED AND VALUES OF POSITIVE HRILLO100
493, [+ MACHINE INFINITY WILL BE RETURNED FOR XKERP MHMLLOI1O
494, [ AND KEIP. MHLLO1ZO
495. [ BERP - OUTPUT ARGUMENT HHLLOT30
496, c BEIP ~ OUTPUT ARGUMENT HMLLO$4D
“97. c XKERP ~ OUTPUT ARGUMENT RETURNED ONLY WHEN X IS MMLLOI50
493. c POSITIVE. HMLLO160
499, c XKEIP ~ OUTPUT ARGUMENT RETURNED ONLY WHEN X IS MMLLOY 70
500. [ POSITIVE. MmMLLO180
501. Cc IER ~ ERROR PARAMETER. MLLO190
502. [+ TERMINAL ERRCR = 1284N, MLLO200
503. c N = 1 INDICATES THAT THE ABSOLUTE VALUE OF MNMLLO210 ;
504, c X WAS GREATER THAN 119. BERP AND BEIP ARE MMLLO220 :
505. c SET TO ZERD. IF X IS NON-MNEGATIVE, XKERP MHMLLO230
506. c AND XKEIP ARE ALSO SET TO ZERO. OTHERMWISE,MMLLOZGO
507. c XKERP AND XKEIP ARE SEY TO POSIVIVE MMLLO250
508. c MACHINE INFINITY. MMLLO260
509. [+ WARNING ERROR = 32#N. HMLLO270
510. c N = 2 IHDICATES THAT X IS NEGATIVE. HHLLO28O
51%. c XKERP AND XKEIP WILL BE RETURNED AS MHLLO290
512. [ POSITIVE MACHINE INFINITY. MHLLO300
513. €  PRECISION - DOUBLE MHLLO310
514, C REQD. IMSL ROUTINES - MHMKELO,UERTST MILLO320
515. c LANGUAGE - FORTRAN HMLLO330
516, [ e T L e L D e e Ll D LR TR e et Dbl ol sSeccecvenvas HILLO0340
517, €  LATEST REVISION - SEPTEHBER 22,1976 HILL0350
518, c MMLLO 360
519. SUBROUTINE MMKELD{X,BERP,BEIP,XKERP,XKEIP,IER) MMLLO370
520. c MHLLO38O
521, DINENSION D1(9),02(9),D03(9),D4(9),E3{9),E4(9) MILLO390
522. DOUBLE PRECISION  ARG,BEI.BEIP,BER,BERP,BY,B2, a:.ammu.nc.ocn. HHLLO400
523, * DE,DS5,051,05Q,01,02,03,04,EUL,E3,E4,PI,PID2, MMLLO41IO
* 524, * PI08,RT2,R1P,R2P, THOPI,U,UM,V, VM, X, XINF,XKEX, MHMLLOG20
525, L] XKEIP, XKER ) XKERP,Z,21,ZIM,Z5Q+ 23,24, ZMAX MILLO43D
526. DOUBLE PRECISION  TEN,ZERO,HALF MMLLO440 i
527. DATA TEN/10.D0/,ZERO/0.00/ HALF/.500/ RMLLO450
528. c MILLO%60
529. [ COEFFICIENTS FOR EVALUATION OF BERP- MMLLO470
530. [ SUB-ZERO(X) FOR X GREATER THAN 0. ANDIMLLO480
531, [ LESS THAN OR EQUAL TO 10. HHLLOG90O
- 532, c MMLLOS00 «
* 533, DATA D1(1)/-1.2506046D-67,01(2)/1.7014534510-4/ MMLLOS10
534, DATA DI(3)/-3.37246036190D-2/ MHMLLOS20
535. DATA D1(4)/.623472634824300/ HMLLOS 30
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D1(5)/-14,.484516949840300/
DI(6)/150.14754718432278D0/
D1(7)/-565.140335647948600/
D1(8)/542.534722222214700/
DUL9)/-62.4999999999999D0/

COEFFICIENTS FOR EVALUATION OF BEIP-

SUB-ZEROtX) FOR X GREATER THAN 0.
AND LESS THAN OR EQUAL TO 10.

D2(1)/1.52269884D-5/,D2(2)/-1.63311008370-%/
D2(3)/9.99147064932D-2/
D2(4)/-3,291935210857900/

D2¢5)/52, 1442608975905D0/
D2(6)/-336.3930569023651D00/
D2(71/678.168402774753900/
D2(B8)/~260.416666666553300/
D2(9)/4.999999999999300/

COEFFICIENTS FOR EVALUTION OF KEIP-
SUB-ZERO(X) FOR X GREATER THAN 0.
AND LESS THAN OR EQUAL TO 10.

D3{1)/5.23294314D-5/
03(2)/-5.4188558408D-3/
D3(3)/.317741843468600/
D3(41/-9,941240320972500/
D3(5)/147.514458591333700/
D3161/-872.2191403672455D00/
D3(7)/1548.4845196652035D0/
03(8)/-477.4305555551536D0/
03(91/4.9999999999975D0/

COEFFICIENTS FOR EVALUATION OF KERP-

SUB-ZERD({X) FOR X GREATER THAN OR
EQUAL TO 0. AND LESS THAN OR EQUAL
T0 10.

D41 1)/4.36820530-6/,0412)/-5.752042283D-4/
D4131/4.46263862145D0-2/
D4(4)/-1,9347669229237D0/
D4(5)/42,4246903131088D0/
D4(6)/-408.1554788292578D0/
D4(7)/1384.593822337245200/
D4(81/-1130,2806712962694D0/
D4(9)/793.7499999999998D0/

COEFFICIENTS FOR EVALUTION OF
AUXILIARY FUNCTIONS FOR X GREATER
THAN 10,

E3(1)/-5.630-8/,E3(2)/-1.671D-7/
E3(3)/-1.470-8/,E3(4)/1.97800-6/
E3(5)/1.44255D-5/,E3161/7.25024D0-5/
E3(7)/-8.0D-10/,E3(8)/-2.65165040D-2/
€31(9)/1.0D0/
E4l1)/-2.69D-8/,E4(2)/-8,83D-8/
E413)/-6.992D-7/,E4(8)/-2.00420-6/
€4(51/7,90-9/,E4(6)/7.251790-5/
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MHLLOS40
HMLLOS50
MMLLOS60
MHNLO570
MHLLOS80
MMLLO590
HHMLLO600
MHLLO61O
HMLLO620
HMLLO630
HILL0640
HHLLOGS0
HMLLOG66O
MMLL0670
MMLLO&BO
HMLLO690
HHLLO700
HILLDZ1D
MMLLO720
MIILLO730
MMLLO740
HMLLO750
MMLLO760
MHLLO770
HHLLO780
HHLLO790
HMLLOBDO
MMLLOB1O
MMLLOS2O
MMLLOS30
MHMLLOB4O
MMLLOB50
HHMLLOB60
HHMLLOBT70
MHMLLOBBO
MHLLOSSO
HMLLOS00
HHMLLO91O
HInLeo20
HMLLO930
MMLLO940
MMLLO950
MHLLO960
HHLLO970
MHLLO9SO
HMLLO990
HLL1000
MILLY1010
MILLI020
MMLLYO30
MILLY1040
MHLL1O50
MMLL1060
miLL1070
MMLL1030
MLL1090
MmLLI100
mLLtie
MMLLII20
MILL1130
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DATA E4(7)/1.1718740D-3/,E4(B)/2.65165034D-c/
DATA E4(91/0.0D0/

MISCELLANEOUS CONSTANTS

DATA PI02/1.570796326794896600/
OATA THOPI/6.283185307179586D0/
DATA P108/0.3926990816987241500/
BATA RT2/70.70710678118654752D0/
DATA XINF/Z7FFFFFFFFFFFEFFF/
DATA P1/3.1415926535897932D0/
DATA EUL/Q.57721566490153286D0/
DATA ZHAX/119.D0/

IER = 0§

CALL MKELOCX,BER,BEX,XKERXKEX,IER)

Z = DABSIX)

IF (2 .GT. TEN) GO TO 1§
IF (Z .EQ. ZERO) GO TO ‘o

MILLIVAD
MHMLLI1S0
HMLL1160
MILL1170
ILL1180
HNLLY1190
mMLL1200
wiLL1210
MMLLYI220
MMLLI230
MiLLI 240
MMLL1250
LYV 260
L1270
MmiLL1280
MMLL1290
MHLLY 300
MHLLI3tO

CALCULATION OF FUNCTIONS FOR ABS(X) MMLLI320

LESS THAN 10.

Z = Z/TEN

25Q = Z%2

Z3 = ZSQeZ

24 = ISQeZSQ
81 = D1(1)

B2 = pa(y)
B3 = 03(1)
B4 = Dal1)
0051 = 2,9
B1%Z44D1L 1)

2HZ402(TI}
B3IX24403( 1)
BA¥Z4IDHLT)

@ o unn

n

81
82
B3
B¢

CONTINUE

BERP = B1#Z3

BEIP = ZvB2

IF ( X .LT. ZERG) GO TO 30

RIP = 2vB3

P Z3xB4

COM = (DLOG(XHALF) + EUL)

V = DABSIX)

XKEIP = -PIO2¥HALF*BERP(R1P-BEIP*CON-BEI/V)

XKERP = PIOXNHALFBEIP-(R2ZPYBERPRCONCBER/V)

GO TO 5005
X EQUAL TO 0. DEFAULT TO PROPER
VALUES

BERP = ZERO

BEIP = ZERO

XKEIP = ZERO

XKERP = -XINF

GO TO 9005
X GREATE« ... Y. CALCULATE

AUXILIARY FUNC:..-iS
IF (Z .GT. ZMAX) GO TO 25

I = TEN/Z
Zm = 21
U = E3(1)
Ut = v
vV = E4tY)
=V
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MLLE330
MHLLY 340
MMLLY 350
MMLLY1360
MHLL1370
MMLL138O
MHLL1390
MHLL1400
MMLL1410
HHLL1420
MMLL1430
HMLL1G4O
MMLL1450
MHMLL1460
MHMLL1470
MHLL1480
MHLL1490
MMLLIS00
MMLLIStG
HMLL1S20
HHLLIS30
HMLL1540
HMLL1550
HHLL1560
HHLL1570
MmLLISSD
MLLIS90
MMLL1600
MLLYeto
MLL1620
mLL1630
HMLLY 64O
MLLIS50
MLL1660
MmLLt670
mLL1680
MiLL1690
MMLLY 700
Mnttzio
MLL1720
MMLL1730
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707.
708.
709.
710.
7M.
ne.,
713.
716,
ALD

25 BERP

35 XKERP

DO 20 I = 2,9

U = UNZI*E3(I)
V = VHZI4E4(])
UM = UN*ZIM*EI(T)

VM = VMeZIMPES(I)

20 CONTINUE

ARG = Z¥RT2

DS = DSIN(ARG-PI08)
DC = DCOS{ARG-PIDS)
DSM = DSIN(ARG*PIOS)
DCM = DCOS(ARG*PIO08)
DE = DEXP(ARG)

DSQ = DSGRT(TUOPINZ)

BERP = DEX(UxDCM-V¥D
BEIP = DEX(VNDCHUXD
IF (X .LT. ZERO) GO

NWC TP 6305

CALCULATE THE DESIRED FUNCTIONS

SM)/0SQ
SM)/DSQ
T0 30

XKEIP = -PI®(VH*DC-UNM%DS)/(DE*DSQ)

XKERP = -PI#{UMXDC*+V|
G0 TO 9005

= ZERO
BEIP = ZERO
IER = 129
IF (X .LT. ZERO) 60
XKEIP = ZERO
XKERP = ZERO
60 TO 9000

30 IER = 34

BERP = -BERP
BEIP = -BEIP
= XINF
XKEIP = XINF
IF {IER .EQ. 0) GO T

9000 CONTINUE
CALL UERTSTUIER,ONMKELD)
9005 RETURN

OO0 000NNOO0O0O0OO0

©

END
SUSRCUTINE UERTST (1
~UERTST-veermmeccacrnana LY
FUNCTION -

USAGE
PARAMETERS  IER -

M%DS )/(DE*DSQ)

Z TOO LARGE.

T0 35

X LESS THAN 0. DEFAULY TO PROPER

VALUES

0 9005

ER,NAME)

BRARY 1~-----

ERROR MESSAGE GENERATION

CALL ‘UERTST( IER,NAME)

ERROR PARAMETER. TYPE * N WHERE
TYPE= 128 IMPLIES TERMINAL ERROR
64 IMPLIES WARNING WITH FIX
32 INPLIES WARNING

MLL1 740
MMLL1 750
MLL1760
MLL1770
HMLL1780
MmiLL1790
MMLLYB00
nHLL1810
MMLL1B20
HHMLL1830
MLL1840
HMLL1650
HMLL1860
MHLL1870
MHMLL1880
HHLL1890
HMLL1900
HMLL1910
MLL1920
HHMLL1930
MMLLI940
MMLLY 950
MMLLY1960
MMLLI970
MHLL1980
HHLL1990
HLL2000
MMLL2010
MHLL2020
MiLL2030
LL2040
MILL2050
MMLL2060
MLL2070
MmLL2080
MHLL2090
MMLL2100
MMLL2110
MMLL2920
MHMLL2130
UERT0010
UERT0020
~UERTO030
UERTO0040
UCRTO0050
UERT0060
UERTO0070
UERT0080
UERT0090
UERTO0100

N = ERROR CODE RELEVANT TO CALLING ROUTINEUERTO110

193

NAME - INPUT VECTOR CONTAINING THE NAME OF THE UERTO120

CALLING ROUTINE AS A SIX CHARACTER LITERAL UERTO130

STRING. UERT0140

LANGUAGE = FORTRAN UERTO150
---------- esemeceecccsmccccdcmoenccescanccssssccercccncncsscncece====JERT0160
LATEST REVISION = JANUARY 18, 1974 UERTO170
UERTO180

SUBROUTINE UERTST(IER,NAME) UERTO190
UERT0200
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724,
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727.
728.
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731,
732.
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734,
735.
736.
737,
738.
739.
740.
741.
742,
743,
744,
745,
746.
747.
748.
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760.
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763,
764.
765.
766.
767.
768.
769.
770.
771,
772.
773.
77%.
775.
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DIMENSION ITYP(5,4),1B1V(4)
INTEGER¥2 NAME(3)
INTEGER WARN,WARF , TERM, FRINTR
EQUIVALENCE (IBIT(1),WARN), (IBIT(2),HARF),(IBIT(3),TERM)
DATA ITYP /'HARN',"ING *,° 'y et 'y
# "WARN' 4 "ING( ' *WITH®,* FIX',') ‘e
* ‘TERM', "INAL',"' ' 'y ‘e
» 'NON-", 'DEFIL'+'NED *,°* st 'y
* IBIT / 32,64,128,0/
DATA PRINTR / 6/
IER2=IER
IF (IER2 .GE. WARN) GO TO S5
NON-DEFINED
IER1=4
GO TO 20
5 IF (IER2 .LT. TERM) GO TO 10
TERMINAL
IER1=3
GO TO 20
30 IF (IER2 .LY. WARF) GO TO i5
WARNING(WITH FIX)
IER1=2
GO TO 20
WARNING
15 IER1=9

EXTRACT °*N°*

20 IERI=IERZ-IBITI(IERY)

PRINT ERROR MESSAGE

KWRITE (PRINTR,25) (ITYP(I,IER1),I%1,5),NANE,IER2,IER

25 FORMAT(® *%%
* ' (IER =
RETURN
END

I M S LIUERTST) mxx ' ,5A%,4X,3A2,4X,12,
*513,')')

SUBROUTINE MMKELY! (X,BER?,BEX1,XKER1,XKEI1,1ER)

DOUSLE PRECISION  BERY,BEI1,BERP,BEIP,RT2,X,XINF,XKEIP,XKELY,

*

DATA
DATA
DATA
ItR = 0

XKERP, XKER1,ZERO, ZMAX
XINF/Z7FFFFFFFFFFFFFFF/,ZERO/0.D0/
RT2/0.70710678118654752D0/
ZMAX/119.D0/

IF (X .EQ. ZERO) GO TO 15

IF (DABS(X)

.GT. ZMAX]} GO YO 10

CALL MMRELD{X,BERP,BEIP,XKERP,XKEIP,IER)

BEX! =
BERY = (BERP

(BERP*BEIP) *RT2

- BEIP) % RT2

IF (X .LT. ZERO) GO TO §
XKEX1 = (XKERP ¢ XKEIP) » RT2
XKERY = (XKERP - XKEIP) # RT2

GO TO 9005

5 XKER) = XINF
XKEI1 = XINF

IER = 34

GO TO 5000
10 BEIY = ZERO

EERY = ZERO

XKERY = ZERD

XKEIY = ZERO

IER = 129

ARGUMENT IS NEGATIVE
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UERTO0210
UERTO220
UERT0230
UERTO0240
UERT0250
UERT0260
UERTO0270
UERTO280
UERTO290
UERT0300
UERTO310
UERTO320
UERTO330
UERT0340
UERTO0350
UERTO0360
UERTO0370
UERTO380
UERT0390
UERT0400
UERTO0410
UERTO0420
UERT0430
UERT0440
UERT0450
UERT0460
VERT0470
UERT0480
UERT0490
UERT0500
UERTO0S510
UERTO0520
UERTO0530
MML10360
MHL10370
MHL10380
MML10390
MHL10400
MHL10G10
HML10420
MiL10430
HML10440
MML10450
HML10460
MML10470
HHL10480
MMLY1 0490
MLt 0500
HML10510
10520
tHL10530
HML10540
MML10550
HML10560
MML10570
HHMLIO0560
MML10590
HHIL10600
MML10610
MML10620
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776. IF (X .67. ZERO) GO TO 9000 MML10630
777. XKER1 = XINF MML1 0640
778. XKEI1 = XINF ML10650
779. GO TO 9000 MML10660
780, [ ARGUMENT 1S5 0.0 MMLL0670
781. 15 BEXI1 = ZERO MML10680
782. BERt = ZERO MML10690
783. XKERY = -XINF MML10700
784. XKEI1 = -XINFP MML1O7tO
788. GO TO 5005 MML10720
786. 9000 CONTINUE MMLI1O730
787. CALL UERTST(IER,6HMMKELY) MLI10740
788. 9005 RETURN MHL10750
789. END MML10760
790. //60.SYSIN DD # _ . .
791, Relative Damage During Captive Flight
792. 1000 1.0 1. 2.0
793. 30000000. 800. 0.499 0.30 1.1 0.9 2.44 5.4E-5
793.1 6.0E-6 0.06
793.2 160.0 8.0
793.21 1"
793.22 -60 5.59
793.23 =40 4.46
793.24 =20 3.47
793.25 0 2.59
793.26 20 1.81 k
793.27 40 1.18
793.28 60 0.48
793.29 80 -0.08
793.3 100 -0.59
793.31 120 -1.16
793.32 140 -1.48
79%. 30 20.0
A
195
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1. /7 JOB 1A95$X5,516,0.25,10), 'GEORGE DERBALIAN'
3. /7 EXEC FORTCLG
4. //FORT.SYSIN DD #
6. CSWATFIV
6.1 c
6.2 c MARKOV
6.3 C GEORGE DERBALIAN
6.4 c AFRIL 1981
6.5  C THIS PROGRAM DETERMINES THE CUMULATIVE DAMAGE IN ROCKET MOTORS
6.6 C BY RANDOMLY ALLOWING YHE ROCKETS TO MOVE FROM ONE LOCATION TO ANOTHER
6.7 C
7. DOUBLE "PRECISION RLOC(100)
8. REAL®4 D(99),T{(00),P(100,100),PERIOD( 100),AP(100,100},ROCDAY(100)
s, READ(10) ROCDAY
10. REAG(10) RLOC,P,PERIOD,NIRL
10.1 DO 33 I=t,NIRL
10.2 WRITE(6,616) I
10.3 33 HRITE(6,615) (JoP(I,J),J21,NIRL)
10.4 615 FORMAT(10(I3,F9.6,1X))
10.5 616 FORMAT(/1X, ‘ROW NUMBER=',I3)
10.6 WRITE(6,622)
10.7 622 FORMAT(1H1, 'RELATIVE PERIOD IN EACH LOCATION')
10.8 WRITE(6,623) (I,PERIOD(I),I=1,NIRL)
10.9 623 FORMAT(1X,15,3X,E12.5)
1. 00 18 I=1,NIRL
12. 18 PERIOD(X)=PERIODIII*24.0
13. C RLOC ROCKET LOCATION CODE
16. C P PROBABILITY MATRIX
15. C PERIOD TIME SPENT IN EACH LOCATION
16. C NIRL MUMBER OF ROCKET LOCATIONS INCLUDING CAPTIVE FLIGHT
‘ 17. READ(5,502) NR,MAXTIM
18. 502 FORMATI2110)
19. READ(5,501) (D(I),T(I},I=1,NIRL)
20. 501 FORMAT(2E10.4)
20.1 KRITE(6,621) NR,MAXTIM
20.2 621 FORMAT{ 1H1, ' LOCATION' ,5X, *DAMAGE ' ,4X, ' PERIOD ' ,20X,
20.3 1 'NO ROCKETS=',I5,5X, "HAXTIME=',I5)
20.4 WRITE(6,620) (I,D(I),T(X),I=1,NIRL)
20.5 620 FORMAT(IX,1I5,5X,E10.4,2X,E10.4)
21. Cc
22. 00 11 I=1,NIRL
23. AP(I,1)=P{T, 1)
24, DO 10 J=2,NIRL
2s. 10 AP(I,J)=AP(I,J=-1)4P(1,J)
26. 11 CONTINUE
26.05 C€C 00 20 I=1,NIRL
26.1 CC 20 WRITE(6,606) (AP({I,J),J=1,NIRL)
26.2 €C606 FOAMAT(1X,10F10.6)
27. NRL=NIRL-1
28. DO 12 I=1,MRL
29. IF (P(X,NIRL).EQ.1.0) GO TO 12
30. DO 13 J=1,NRL
3. 13 PUI,J)=P(I,J)/(1.0-P(I,NIRL))
32. 12 CONYINUE
33. DO 14 I=1,NRL
34, 0O 14 J=2,NRL
35. 16 PUI,J)=P(T,J-114P(1,J)
36. c
37. c=0.
18. DO 15 I=1,NIRL
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39.
40.
41.
41.01
41.02
4%1.03
41.1
42.
43.
43.1
43.2
4%,
45,
46.
47.
48.
49.
50.
50.1
5%.
s52.
52.1¢
52.2
53.
54.
55.
56.
56.1
57.
7.4
57.2
57.3
57.35
57.37
57.4
57.5
58.
58.1
59.
59.1
60.
61,
62.
63,
64,
65.
65.1
66.
67.
68.
69,
70.

72.
73.
74,
75.
76.
76.1
76.2
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15 C=ROCDAY(I)+C
00 16 I=1,NIRL
16 ROCDAY(I)=ROCDAY(I)/C
WRITE(6,602) C
602 FORMAT(1H1, ‘TOTAL ROCKET TIME *,E12.5,/1H1,1X, 'COF OF INITIAL °*
$°'LOCATION')
DO 19 I=2,NIRL
19 ROCDAY(I)=ROCDAY(I-1)}+ROCDAY(I)
ISEED=135792867
WRITE(6,624) (I,ROCDAY(I),XI=1,NIRL)
624 FORMAT(1X,15,1X,F10.6)
00 1 IR=1,NR
COMPUTE RANDOMLY INIVIAL (OCATION
5 1=0
CALL RANOK(ISEED,X»0)
17 I=I%1
IF (I.GT.NIRL) STOP
IF (X.GT.ROCDAY(I)) GO TO 17
IF (I.EQ.NIRL) GO TO §
Lo=I
[ = T R T R R T X R
NLOC=0
NCAP=0
TIME=0.0
Dr5=0.0
L=L0
2 CALL RANDOM(APNIRL,L,ISEED)
IF (L.EQ.0) GO 10 6
IF (L.NE.NIRL) GO TO 3
TIHE=TIME¢PERIOD(L)
OMG=DMG*D(L)*PERIOD(LI/T(L)
WRITE(8) DMG,TIME,L,IR
L=L0
NCAP=NCAP+1
IF (TIME.GT.MAXTIM) GO TO &
GO T0 2
6 DHG=DMG+D(LO)/T(LO)*{MAXTIM-TINE)
GO TO &
3 TIME=TIME¢PERIOD(LO)
HLOC=HLOC+4
D:5=OMG*D(LOI*PERIOD(LO)/T(LO)
WRITE(8) DMG,TIME,LO,IR
Lo=L
IF (TIME.LT.MAXTIM) GO YO 2
4 WRITE(6,601) IR,DMG, TIME,NLOC,NCAP
601 FORMAT(1X, 'IR=',I5,5X, 'DMG=*,E12.5,5X, "TIME="',F10.0,2X, 'NLOC=",16,
$ X, 'NCAP=‘,16)
1 CONTINUE
sToP
END
c
G 0606 06.06 630638 06 06300606 00 3600 0696 00 0 00-06-06 6.00-36 0806 .00 3600 96 0 06 0-06 -06-06 0 0000 D60 0 0006 06 000696 04 06 0
c
SUBROUTINE RANDOM(AP,N,L,ISEED}
REAL¥G AP(100,100),X,XP
I=0
CALL RANDK(ISEED,X,0)
3 I=14
cc KRITE(64601) I,X
CC601 FORMAT(1X, 'I=',I5,1X,'X=",F10.6}




102.
103.
104.
105.
106.
107.
108.
109.
110.
119,
112,
113,
114,
115,
116,
117,
118.
119,
120.
121.
f22.
123.
124,
125.
126.
126.2
126.4
126.6
127.
201.
202,
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IF(I.GT.N) GO TO 4
XP=AP(L,I)
IF(X.GT.XP) GO TO 3
L=I
RETURN
4 WRITE(6,601) L

601 FORMAT(/1X,15,2X, ‘#ILL DEFINED COF%')
L=0
RETURN
END

D06 3 D666 3% 9636 2026 36 30 6 I 30 3636 36 3606 3636 36 36 36 96 36 3 263636 36 3606 36 3¢ 36 36 6 I 36 36 36 36 2 0 96 3¢ 3¢ 3¢ 96 3¢ 3¢

SUBROUTINE RANDK (IY, YFL, INDEX)

THIS IS A UNIFORM RANDOM NUMBER GENERATOR WRITTEN BY G. E.
FORSYTHE IN SPRING 1969, FOLLOWING D. KNUTH, THE ART OF COMPUTER
PROGRAMMING, VOL. 2, PP. 155-156. IT IS MUCH SUPERIOR TO RANDU,
THE RANDOM NUNMBER GENERATOR FOUND IN IBM'S SCIENTIFIC SUBROUTINE
PACKAGE .

BEFORE THE FIRST CALL OF RANDK, IY SHOULD BE SET OUTSIDE RANDK
TO AN ARBITRARY INTEGER VALUE. (IN WATFOR THIS IS ESSENTIAL.)
FOR PROGRAM CHECKOUT, THE INITIAL VALUE OF IY SHOULD BE A FIXED
INTEGER. FOR RANDOM NUMBERS DIFFERENT ON EVERY RUN (AND HENCE
NOT REPRODUCIBLE), DECLARE INTEGER CLOCK? AND THEN INIVIALIZE
1Y TO CLOCK1(4).

IF RANDK IS CALLED WITH AN INTEGER INDEX = 1, THEN THE OUTPUT
VALUE OF IY IS A PSEUDORANDOM INTEGER UNIFORMLY DISTRIBUTED IN THE
RANGE 0 <= JY < 2u#31,

IF RANDK IS CALLED WITH INDEX = 0, THEN NOT ONLY IS IY PRODUCED,
BUT ALSO (AT SOME EXTRA COST IN TIME) A FLOATING NUMBER YFL, UNI-
FCRMLY DISTRIBUTED IN THE INTERVAL 0.0 <= YFL < 1.0,

IY = Iv%314159269 ¢+ 453806245
4 IF (1Y .GE. 0) 60 YO ¢

CAUTION: THE SYATEMENT LABEL 6 IS ESSENTIAL IN ORDER TO PREVENT
CERTAIN COMPILERS (E.G., FORTRAN H WITH OPT 0) FRCM PERFORMING
UNMANTED “OPTIMIZATIONS.* IT SHOULD NOT BE REMOVED.
5 1Y = IV ¢ 2147483647 ¢ §
STATEMENT 5 ADDS 2x#31 TO NEGATIVE VALUES OF IV
6 IF (INDEX) 7, 7, &
‘
7 YFL = XY
YFL = YFL®.4656613€-9
8 RETURN
£ND

//G0.FTOSFO001 DO DSN=WYL.X5, A95.MONTE.CARLO.DAMAGE ,UNIT=0ISK,

// DISP=(,CATLG),0CB=(RECFM=VBS,BLKSIZE=3200),SPACE=(TRK,(10,5),RLSE)
//GO.FT10F001 DD DSH=WYL.X5,A95,.PROB,DISP=SHR

//GO.SYSIN DD #

1000 87600
0.210€-06 87600.
87600.

198
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203, 0. 87600.
204. 0.407E- 9 87600. 263. 0.573E-16 87600.
205. 0.573E-16 87600. 264. 0.573E~16 87600.
206. 0.0 87600. 265. 0.0 87600.
207. 0.573E-16 87600. 266, 9. 87600.
208. 0.573E-16 87600. 267. 0. 87600.
209. 0.573E-16 87600. 268. 0. 87600.
210. 0.573E-16 87600, 269. 0.1314 87600.
1. 0.573E-16 87600.
212, 0. 87600.
213. 0.298E- 7 87600,
214. 0.440E- 9 87600.
215. 0.459E~ 9 87600,
216. 0.479€- 9 87600.
217. 0.305€- 7 87600.
218. 0.573E-16 87600.
219. 0.0 87600,
220. 0.573E-16 87600.
221. 0.573E-16 87600.
222. 0.573E-16 87600.
223. 0.337E- 6 87600.
224. 0.573E-16 87600,
225. 0.573E-16 87600.
226. 0.185E- 4 87600.
227. 0.662E- 9 87600.
228. 0.573E-16 87600.
229. 0.573E-16 87600.
230. 0.573E-16 87600.
231. 0.573E-16 87600.
232. 0.0 87600.
233. 0.161E-16 87600,
234. 0.547E-16 87600.
235. 0.573E-16 87600.
236. 0.573E~16 87600.
237. 0.268E- 9 87600.
238. 0.180E- 7 87600.
239. 0.573E-16 87600.
240. 0.383E- 8 87600.
24%. 0.573E-16 87600.
242. 0.290E- 6 87600.
243. 0. 87600.
k44, 0.573E-16 87600.
245. 0.573E-16 87600,
246. 0.0 87600,
247. 0.573E-16 87600.
248, . 87600.
249. 0.573E-~16 87600.
250. 0.176E- 6 87600,
251. 0. 87600.
252. 0.534E~ 9 87600.
¢53. 0. 87600,
254, 9. 87600.
255, 0.217€~ 7 87600.
256. 0.573E-16 87600.
£57. 0.0 87600.
2E8. 0.573E-16 87600,
259. 0.111E~ 6 87600,
260. 0.573E~16 87600.
261, 0.573E~16 87600.
262. 9. 87600.
193
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//CDFLHOD JOB
/7 EXEC FORTCL
//FORT.SYSIN DD #

c

c
c
c
c
c
[
c

000

(2 NsNs]

[z Nz Ns)

Oono0

WEATHER

PROGRAM TO READ TEMPERATURE DATA FROM A TDF-14 SURFACE OBSERVATIONS
TAPE, AND SAVE A C.D.F. OF DAILY AND ANNUAL TEMPERATURE AMPLITUDES

PAUL R. JOHNSTON AND GEORGE DERBALIAN
09-20-1980

IMPLICIT INTEGER*4 (A-Z)

REAL¥4 RAMP,RCOF

COMMON ITEMP(24),COFDAY(200),CDOFYR(200),0AY(31),CTEMP(24),
SMONTHU12), YEAR, LDAY » LHONTH ,NDAY \NMONTH , NYEAR ; NSN, NTON

INITIALIZE VARIABLES

LDAY=0

DO 1 ¥=1,200

COFDAY(I)=0

CDFYR(IN=0

DO 2 I=1,12

2 MONTH(I)=999
YEAR=0

READ AMND PRINT LOCATION AND START DATE

READC 11,1101 INTDON,NSN,NYEAR , NMONTH ,NDAY
REWIND 11
WRITE(8,801 INTON,NSN,NYEAR, N*ONTH ,NDAY

READ TEMPERATURES FROM TAPE, ONE DAY AT A TIME

100 READ{ 11,1102,END=99 INTON,NSN,NYEAR ,NHONTH ,NDAY, (ITEMP{X),
2CTEMPIT),1=1,6)
READ(11,1103,END=99)( ITEMP(T),CTEMP(I),1=7,12)
READ(1141103,END=99)(ITENP(I),CTEMP(I),I=13,18)
READ(11,1103,END=99)1(ITEMP(I),CTEMP(T),I=19,24)

COMPUTE MONTHLY AVARAGE IF IT IS THE END OF A MONTH
IF (NDAY.EQ.1) CALL EMONTH
DECODE TEMPERATURES

00 3 I=1,24
3 CALL SIGNCK(ITEMP(I),CTEMP(I))

CALCULATE THE DAILY AMPLITUDE AND AVERAGE

TSUM=0

THIN=1000

TMAX=-1000

N=0

00 4 I=1,24
T=ITEMP(I)

IF (T.EQ.999) 6O TO &
TSUM=TSUM*T

IF (T.GT.TMAX) THAX=T

200
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60. IF (T.LT.THIN) TMIN=T
61. N=N¢y
62. 4 CONTINUE
63, IF (N.EQ.0) GO TO §
64, DAY{NDAY )=1.%TSUM/N+0.5
65. AMPTHAX-THIN®Y
66. IF (AMP.GT.200) GO TO 6
67. CDFDAY( AHP)=CDFDAY{ANP)+1
68. GO T0 6
69. 5 DAY(NDAY)=999
70. 6 CONTINUE
. LDAY=HDAY
72. LICNTH=HMONTH
73. GO 10 100
7. 99 CALL EMONTH
5. c
76. C PRINT FINAL DATE
77. c
78. WRITE(8,802 INYEAR ,NMONTH,NDAY
79. c
80. C CALCULATE NORMALIZATION CONSTANTS
81, c
e2. NA=0
83, ND=0
864, DO 7 1=1,200
85, NA=NA+COFYR(I)
86. ND=ND+CDFDAY(I)
87. 7 CONTINUE
88, IF ((ND.EQ.0).OR.(NA.EQ.0}) GO TO 98
89. YEAR=1,#YEAR/NA+0.S
90. WRITE(8,803)YEAR
91. c
92, C PRINT ANNUAL AMPLITUDE C.D.F.
93, c
94, WRITE(S,804)
95, RANP=-0.5
%%6. RCDF=0.0
97. DO 8 I=1,200
98. RAMP=RAMP+0.5
99. RCCF=RCDF+1.%CDFYRIT}/NA
100, WRITE(8,805 IRAMP,RCOF
101, 8 COMTINUE
102, c
103, C PRINT DAILY AMPLITUDE C.D.F.
104, c
105. WRITE(8,806)
106, RAMP=-0.5
107. RCOF=0.0
© 108, D0 9 1=1,200
109, RANMP=RANP40.5
110, RCOF=RCDF +1.%CDFDAY(I)/ND
11, HRITE(8,807 IRAMP,RCOF
112, 9 CCNTINUE
13, sToP
' 114, c
115, C INSUFFICIENT DATA ON THE TAPE
116. c
17, 98 WRITE(8,808)
118, sToP
119, 801 FORMAT(IS,* TAPE DECK NUMBER',/,I5,' STATION NUMBER',/,15,
201
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120. 2' FIRST YEAR',/,15,' FIRST MONTH',/,15,' FIRST DAY')
121. 802 FORMAT(IS5,* LAST YEAR',/,I5,' LAST MONTH',/,15,’ LAST DAY')
122. 803 FORMAT(IS,*' AVERAGE TEMPERATURE')
123, 804 FORMAT('ANNUAL TEMPERATURE AMPLITUDE C.D.F.')
124, 805 FORMAT(F10.2,F10.6)
12s. 806 FORMAT('DAILY TEMPERATURE AMPLITUDE C.D.F.')
126. 807 FORMAT(F10.2,F10.6)
127. 808 FORMAT( 'INSUFFICIENT DATA IN ANY YEAR TO COMPUTE AVERAGE')
128. 1101 FCRMAT(I4,15,3I2)
129. 1102 FORMAT(I4,15,312,6(15X,12,A1,62X))
130. 1103 FORMAT(15X,6( 15X,12,A1,62X))
131. END
132 SUBROUTINE SIGNCK(IFLD,ISGN)
133, c
134, C SUBROUTINE TO DECODE TEMPERATURES
135, c
136. IMPLICIT INTEGER¥4 (A-Z)
137. DIMENSION NUM(30}1,IP(10),MIN(10)
133. DATA IP/QAO'IBI'icl'IDI’OEI'IFO"GQ’I"I'OII.zco,
139. DATA MIN/Z*J','K*,'L*, 'M',*'N*,'0",'P','Q", 'R" ,2D0/
140, DATA NUM/1,2,3,4,516,7,8,9,0/,IAST/ %'/
191, IF (ISGN.EQ.IAST) GO TO 16
142. D0 14 K=1,10
143, IF (ISGN.EQ.MIN(K)) GO TO 22
146, IF (ISGN.EQ.IP(K}) GO TO 20
145, 14 COMTINUE
146, 16 IFLD=999
1647. RETURN
148. 20 IFLD=IFLD*10YNUM(K)
149, RETURN
150. 22 IFLD=-(IFLD*10+NUM(K))
151. RETURN
152, END
153. SUBROUTINE EMONTH
154, C
155, C SUBROUTINE TO PROCESS TEMPERATURE DATA AT THE END OF A MONTH
156. [
157. IMPLICIT INTEGER®G (A-Z)
158. COMMON ITEMP(24),CDFDAY(200),COFYR(200),DAY(31),CTEMP(24),
159, 2MONTH(12),YEAR, LDAY, LMONTH ,NDAY ,NMONTH ,NYEAR , HSN, NTDN
100. IF (LDAY.EQ.0) RITURN
161. c
162. C CALCULATE THE AVERAGE MONTHLY TEMPERATURE
163, c
164, TSUM=0
165, N=0
1¢6. DO 1 I=1,LDAY
167. T=DAY(I)
168, IF (T.EQ.999) GO TO 1
169. TSUM=TSUM*T
170. N=H+t
171, 1 CONTINUE
172. IF (N.GT.0) MONTH(LMONTH)=1.%TSUM/N%0.5
173. IF (N.ER.0) MONTH(LMONTH1=999
174, IF (LMONTH.LY.12) RETURN
175. c
176. C CALCULATE THE ANNUAL AMPLITUDE AND AVERAGE
177. c
176. TSUM=0
179. THIN=1000

202
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TMAX=-1000

N=0

DO 2 I=1,12

T=MONTH(I)

IF (T.EQ.999) 60 7O 2
TSUM=TSUM*T

IF (T.GT.TMAX) TMAX=T
IF (T.LT.TMIN) TMIN=T
N=N+1t

CONTINUE

IF (N.EQ.0) GO TO 3
YEARZYEAR®1.%¥TSUM/N*0.5
AMP=TMAX-~THIN®Y

IF (AMP.GT.200) GO TO 3
COFYR(AMP)=COFYR{AMP) #1{
DO 4 I=1,12
HMONTH(T)=999

RETURN

END

/7LKED,.SYSLMOD DD UNIT=DISK,VOL=SER=PUB003,DISP=(NEW,KEEP),
/7 DSN=HYL.X5.A95 . CHINALCDFGEN) , SPACE=( TRK,(3,1,1),RLSE)

203
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/7 JOB (A95$X5,516,0.25,10), 'GEORGE DERBALIAN',REGION=512K

/%SETUP T=1 INPUT=AUGS23

// EXEC FORTCLG

//FORT.SYSIN DD #»

c

c LOGISTIC

C  GEORGE DERBALIAN

c AFRIL 1981

C THIS PRCGRAM DETERMINES THE PROBABILITY TRANSITION (MARKOV) MATRIX

C FOR ANY ROCKET SYSTEM USING THE FLTAC ROCKET MOTOR HISORY TAPE AS INPYUTY
c

INTEGER YEAR,MOMTH,DAY,Y,M,D
DOUBLE PRECISION MRL(100),L0C,RLOC(100),RCT,RCTO,LOCO,CF,SR,5R0
DIMENSION INDEX(100),P(100,100),TIME({100)
DATA CF/'CF '/ EXP/EXP'/
NRL=0
10 READ{15,501,END=99) LOC
READ(15,502,END=99)
READ(15,502,END=99)
READ(15,502,END=99)
501 FCRUAT(23X,AS5)
502 FORPAT(1X)
IF (NRL.EQ.0) GO TO 1
DO 2 J=1,NRL
IF (LOC.EQ.RLOC(J)) GO TO 10
CONTINUE
NRL=KRL*¢
IF (NRL.GE.100) WRITE(6,610) NRL
610 FCRMAT(/1X, '"NUMBER OF ROCKEY LOCATIONS EXCEEDING ARRAY SIZE',14)
RLOC(NRL)I=LOC
WRITE(6,601) NRL,RLOCI(NRL)
GO 70 10
601 FORMAT(I5,1X,AS5)
99 DO 3 I=1,100
TINE(X)=0.0
D0 4 J=1,100
4 PUJ,I1=0.0
3 CONTINUE

- N

HRITE(6,607)
607 FORMAT('1ROCKET LOCATION CODES')
00 & I=1,NRL
8 INDEX(IN=1
K=0
9 READ(5,500,END=88) I,INDEX(I)
K=K+
GO 70 9
500 FCRMAT(2I3)
88 NIRL=NRL-K

K=0
DO 11 I=t,.NRL
J=INDEX(I)
IF (J.EQ.I) GO YO 12
INDEX(I)=INDEX(J)
GO T0 11

12 K=K#
INDEX(I)=K
WRITE(6,601) K,RLOC(Y)
MRLIK)=RLOCII)
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CONTINUE

XMIS5=0.

REWIND 15

READ( 15,503,END=98) SR, YEAR ,MONTH,DAY, LOC,RCT,0PC
FORMATUIX,A8,7X,312,1X,A5:A8,1X»A3)
READ(15,504,END=98) CFH
FORMAT(35X,F10.0)
READ(15,502,END=98)
READ(15,502,END=98)

SRO=SR

Y=YEAR

M=MONTH

D=DAY

LOCO=LOC

RCTO=RCT

CFHO=CFH

T=(79-YIn3654(8-M)%30
READ(15,503,EMD=98) SR, YEAR,MONTH,DAY,LOC,RCT,0PC
READ(15,504,END=98) CFH
READ(15,502,END=98)
READ(15,502,END=98)

IF (SR.NE.SRO) GO TO 24

T=(YEAR-Y #3565+ MONTH-M)#30+(DAY-D)
BO 22 I=1,NRL

CALL MAF{RLOC,RLOC(I),INDEX,J,NRL)
IF (RLOC(I).EQ.LOCO) GO TO 23
COMTIMNUE

IF (OFC.HNE.EXP) TIME(J)=TIME(J)*T
IF (FCT.NE.CF) GO TO 27
PUJLNIRLEISPIJINIRLSY ) 4L,

IF (CFH.LE.0.0) XMISS=XMISS*t.
TINE(HIRL*1 )2TIME(NIRL*1)*CFH/24.0
TINE(J)I=TINE(J)-CFH/26.

IF (SR.NE.SRO) GO TO 21

DO 25 X=1,NRL

CALL MAP(RLOC,RLOC(I),INDEX,K,NRL)
IF (RLOC(I).EQ.LOC) GO YO 26
CONTINUE

IF (J.NE.K) PULJIKI=PLD,K)*L,

GO 70 21

IF (OPC.NE.EXP) TIME(K)=TIME(K)*T
YNT=0

00 34 I=1,NIRL

XNT=XNTHP( I NIRL+ )
TIME(NIRL*$ISTINE(NIRL® 1 InXNT/( XNT-XMISS )
NIRL=NIRL*}

WRITE(10) TIME

WRITE(6,602)

FCRMAT( *1NUMDER OF DAYS SPENT IN EACH LOCATION')
WRITE(6,603) (I.TIME(I),I=t,NIRL)
FORIMAT(I5,1X,E12.4)
TINEINIRL)STIME(NIRL)/XNT

NH=HIRL-1

DO 30 I=t,NM

XK=0.

DO 31 J=1,NM

XK=XK¢P(T4J)

XKP=XK+P( 1,NIRL)

IF (XK.HNE.0.) GO TO 36
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WRITEL6,611) X
FORMAT( 1X, * #ABSORBING STATE®',15)
P(I,I)=1.0

G0 TO 30

36 TIME(I)=TIME(I)/XK
DO 32 L=1,NIRL

32 PCLLI=PUILLI/XKP

30 CONTINUE
KRITE(6,608)

608 FORMAT( '1RELATIVE TIME SPENT IN EACH LOCATION®)
KRITE(6,603) (I,TIME(I),I=1,NIRL)
KRITE(6,60%4)

604 FORMAT('1THE PROBABILITY MATRIX')
DO 33 I=1,NIRL
KRITE(6,606) I

33 WRITE(6,605) (J,P(I,J4),J51,NIRL)

605 FORMAT(10(13,F9.6,1X))

606 FORMAT(/1X, 'RON NUMBER=',13)
KRITE(10) MRL,P, TIME,NIRL

61

STOP

END
c
€ 0000006 0636 .36 36 36000008 0030 363600 3000600 006060000 0 0600 00 30 0.0 00 0 00
[

SUBROUTINE MAP(RLOC,LOC, INDEX,N,NRL)
OOUBLE PRECISION RLOC(100),L0C
INTEGER INDEX(100)
DO 1 I=1,NRL
J=1
IF (RLOC(I).EQ.LOC) GO YO 2
N=INDEX(J)
RETURN
END
//GO.FT15F00% DD VOL=SER=AU0S523,LABEL=(1,,,IN},UNIT=T6250,DISP=SHR,
7/ DCB=(RECFM=FB,BLKSIZE=15600,LRECL=78),D5N=-HYL.X5.A95 .SIDE.NINDER
//GO.FT10F00t DD DSH=KWYL.X5.A95.PROB,DISP=(NEKR,CATLG),UNIT=DISK,
/7 DCB={RECFM=VDBS,BLKSIZE=1000),SPACE=(TRK,(3,1),RLSE)
//G0.SYSIN DD #
6 1
27 2
56 8
86 9
a5
13 11
33 15
16 15
77 19
60 6
81 26
31 30
55 30
64 30
70 30
67 36
80 68
76 74
7%

P ==
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v

AIRCARRY

LOGICAL¥t A(80)

REAL®8 COFD{50),SUnt

INTEGER NDM(12,25),MAVG(12,25),D,Y,Ci6)
1=t

READ(5,500) IRSTRT

FORMAT(I1)

DO 10 J=1,50

CDFD(J)=0.000

DO 11 J=1,28

DO 11 K=1,12

HOM(K,J)=0

MAVG(K,J)z0

READ(1,501,END=99) M,0,Y,MIN,MAX,C
FCRHATI2X,312,27X,I3,3X,13,6X,6A3,12X)
HRITE(6,601) I,M,0,Y,MINHAX,C
FORMAT(1X,15,2X,313,5X,13,3X,13,5X,6A3)
0 IS THE FIRST YEAR CONSIDERED
Y=Y-59

IF (Y.LE.0 .OR. Y.67.25) GO TO
IF (MAX.LT.MIN) GO TO
I0=(HAX-HIN)/2
COFD(ID*1)=COFD(ID*1)*1.0D0
TAVG=(HAX*NIN)/2

NOM(HM, YI=HOMINM, Vit
MAVG(H, Y )SHAVG(M, Y ) +IAVG

11

60 YO 1

SUN=0.0D0

DO 2 154,50

SUM=SUM*CDFD(T)

00 3 I=t,50

COFD(I)=COFD(I)/SUN

00 4 I=2,50
COFD(IX)=COFD(I-1)4COFD(I)

00 7 121,50

J=1-1 '

WRITE(6,602) J,COFD(I)
FOPMAT(1S,E15.7)

00 6 J=1,25

00 § I=9,12

IF (FDM(I,J).EQ.0) GO TO §
MAVG(I,J)ZHAVG( T, J)/HOMIT, )
CONTINUE

COMTINUE

KRITE(6,603) ((MAVG(X+J),I21,12),J%1,25)

603 FORMAT(1X,12110)

STOP
END
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+VERSION 1.3.0 (01 MAY 80)
REGUESTED CPTIONS:
OPTICHS IN EFFECT: SYSTEN/370 FORTRAN H EXTENDED (ENHANCED)

NAME(HAIN) OPTIMIZE(3) LIMECOUMT(60) SIZC(HAX) AUTODDBL(NONE)

DATE 81.155/17.20.02

SCURCE EBCDIC NOLIST NODECK CBJECT MAP NOFORMAT GOSTHT NOXREF ALC NOANSF TERM IBM FLAG(I;

c SUCROUTINE VSCRTHM (A,LA) VEOM0010
c vSsot0020
C-VSORTH--=-==== D------- LIBRARY 1-ceccneccrccmcccmancccccancnncecueconen VSCI10030
C-VSCRTA V5010040
c V30110050
o FUNCTION VSORTM - SORT ARRAYS BY ASSOLUTE VALUE VSOt0060
c VSORTA - SCRT ARRAYS DY ALGELGRAIC VALUE V50i10070
€ USAGE - CALL VSORTM (A.LA) VG0i10080
o = CALL VSORTA (A,LA) VvS0t10090
c PARAMETLRS A - ON INFUT, COHTAINS THE ARPAY TO GE SORTED V5oHg1co
c Ol CUTFUT, A CCOHTAINS THE SCRTED ARRAY vsCnot11o
c LA ~ INFUT VARIAGLE CCHTAINING THE HUNGER OF vs0:10120
[+ ELEMENTS IN THE AFRAY TO BE SCRTED V5010130
[of FRECISICH ~ SINGLE, DOUSLE VSCHI1G0
c LENIUAGE - FCRTFAN VSOH0150
[ R D e e R L e e DL L L L L et V5Ot0160
c LATEST REVISION - DECEMBER 9, 1975 VSOHOt 70
C VSCH180
ISN 0002 SUSROUTINE VSCRTM (A,LA) VSoioi1so
c VvS0it02090
IS4 0003 DIMENSION AC1), TUC21),IL(2) vsotozto
IS 0004 DOUDLE FRECISION  A,T,TT v30Hy220
[~ FIND ABSOLUTE VALUES OF ARRAY A vSs01:0230
IsH 0005 DO S I=1,LA VS0i10240
IS4 0005 IF (ACD) (LY. 0.0) ALII=-ALD) VS0HOC50
ISH 0003 5 CCHTINUE VE0iI10250
[+ VEOt0270
ISH 0009 EHTRY VSORTA (A,LA) V3010280
c V5S0M0230
ISH 0010 n=1 vsonosco
ISH Q0% I=1 VSGCH0310
IS o0t JTLA VSOMO320
ISH 0013 P=.375 VvS0:i10330
ISH €15 10 IF (1 .EQ. J) GO TO 55 VG030
ISH 0010 15 If (R .GT. .5393437) GO TO 20 VSUNI350
ISH 0018 R=R*3.9062SE-2 V5010350
I5H 0019 GO T0 85 VSCNo370
IsH 0020 20 R:=P-.21875 v50N1d150
IS 0021 &5 K=I vSonelso
[of SELECT A CENTRAL ELEMENT OF THE V5010490
C AFRAY AMND SAVE IT IN LOCATION T v5ot0410
IsH o002 TJ=I4(J-T)*R VS0id4ala
ISN 0023 TzA(1J) V3ON0.430
c IF FIRST ELEMENT OF ARRAY IS GREATER V50123440
[« THAN T, INTERCHANGE WITH T V50:13450
I5M 0024 IF €ACI) .LE. T) GO TO 30 V50:10-.60
ISH 0026 ALINIZALTL) V502470
154 0027 ALT)=TY VS0N0400
154 0023 T=A(1J) V50H0490
IS 0029 30 L=J V50110500
c IF LAST ELEMENT OF ARRAY IS LESS THANVSONO0510
c Ty INTERCHANGE WITH T V50NM0520
ISN 0030 IF (AtJ) .GE. T) GO YO 40 V50110530
ISH 0932 ALTJIzALJD vSON0S40
sn 00; ALJ)=T - V50110559
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DATE 81.155/17.20.02

*VERSICN 1.3.0 (01 MAY 80) VSORTH SYSTEH/370 FORTRAN H EXTENDED (ENNANCED)

ISN 0034 T=A(1J) VSO0H0560
c IF FIRST ELEMENT OF ARRAY IS GREATER VSON0570
c THAN T, IMTERCHANGE RITH T VS0M0530
ISH 0035 IF (A(I) .LE. T) GO TO 40 VSOM0590
ISN 0037 ACIIISALI) VS01106 00
IS4 00338 ALI)=T V5010610
154 0039 TzA(1J) VS0Hoee
ISN 0040 G0 TO 40 VS0H0530
ISN 0041 35 TT=A(L) VSO0t0640
ISM 6042 ACLI=A(K) V50H0650
ISH 0043 ALK)=TT VSCH0660
c FIND AN ELEMENT IN THE SECOND HALF OFVS0M0670
c THE ARRAY WHICH IS SHALLER THAN T VSCl0680
ISN 0044 - 40 L=L-1 VS09690
1SH 0045 IF (A(L) .GT. T) GO TO 40 VSCI10700
c FIND AN ELEMENT IN THE FIRST HALF OF VS0:10710
[ THE ARRAY WHICH IS GREATER THAN T VSO0 720
ISN 0047 45 K=K+1 ’ VSCl10730
ISH 0068 IF (A(K) .LT. T) GO TO 45 V50MOT740
c INTERCHANGE THESE ELEMENTS VS0:19750
ISH 0050 IF (K .LE. L) GO TO 35 VSONM0760
c SAVE UPPER AMD LOWER SUJSCRIPYS OF  VSOrio770
c THE ARRAY YET TO BE SORTED VSO9730
ISH 0052 IF (L-1I .LE. J-K) GO TO 50 ' VSO0 790
1SN 0054 IL(H)=T VSOM0800
ISH 0055 Ut =L VSOMESTO
ISH 0058 1=K VS0i0020
1S4 0057 H=p4t vS0:10830
IS4 0058 GO TO 60 VSOH0840
154 0059 50 ILIM)=K vSONoss0
154 0650 IU(M)I=J VS0110250
154 0041 J=L vS0M0a70
ISN 0062 Hzttey VSOHORS0
1SH 0063 GO TO 60 VSCHOSSO
[ BEGIN AGAIN ON ANOTHER PORTION OF vSCH0 900
[ THE UNSORTED ARRAY VvS0MO0910
ISH 0C64 55 M=M-1 VSCI0920
ISH 0065 IF (M .EQ. 0) RETURH VSOt0930
1S} 0057 I=IL( VS0i10940 ;
ISM 0068 PN ES (V10,1 VSOH0950 !
1SH 0069 60 IF (J-I .GE. 11) GO TO 25 VS0H0960 ;
I54 0071 - 1F (I .EQ. 1) GO TO 10 VSOH0970
154 0073 PR ) & V50110920
ISH 0074 65 I=I+¢ VSOMO990 «
IS4 0075 IF (I .EQ. J) GO TO 55 vSOH1000
154 0077 TA(I41) V5O 010
ISH 0078 IF (A(I) .LE. T) GO TO 65 vsSoi1020
151 0030 K=T V5010390 ;
ISH 0081 70 ACK*1)=A(K) YSCM1040 :
IS4 0082 K=K~ V501050
ISH 0033 IF (T .LT. A(K)) GO TO 70 V50H1 050 )
IS4 008S ACK*1)=T VSOM1070 1
ISN 0086 GO YO 65 VSOt1030
15h 0037 END VSOM1090
L]
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NOMENCL ATURE

a Radius of cavity inside rocket

ar Time temperature shift factor of propellant material

b Outer radius of propellant

8 is a constant for a given propellant material

c Outer radius of rocket

G Thermal conductivity of air

C; Thermal conductivity of propellant

D Damage

E. Elastic modulus of casing

i Ep Elastic modulus of propellant

tc Case properties

fp Propellant properties

E.(¢) Relaxation modulus of propeilant

fa Scale factor, when multiplied by the ambient seasonal
temperature amplitude Ta, gives the skin seasonal tem-
perature amplitude

fq Scale factor when multiplied by the ambient diurnal
temperature amplitude Tq gives the diurnal skin temper-
ature amplitude

Fa Seasonal frequency

Fq Diurnal frequency

kq Thermal diffusivity of air
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Thermal diffusivity of propellant

Stress concentration factor

Probability Markov matrix

is the normalizing term used to define the probability
distribution of failures

Radial distance

Location

Time

is the time to failure of the specimen is exposed to
only the ith stress level

is the unit value of the time for whatever units are
used in measuring tg¢

Seasonal temperature amplitude

Diurnal temperature am litude

Mean temperature

Temperature distribution inside rocket

Rocket motor skin temperature

Temperature inside rocket cavity

Temperature in rocket propellant

Thermal expansion coefficient of propellant

Thermal expansion coefficient of casing

is the time the specimen is exposed to the ith stress
level

Poisson’s ratio of propellant
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Poisson's ratio of case

Reduced time -
is the critical true stress, below which no failures
are observed

Stress component

Radial stress

is the "true" stress applied to the specimen

is the true stress required to fail the specimen in the
time t,

Axial stress

Hoop stress

Frequency

Annual angular frequency

Diurnal angular frequency

Laplacian operator
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